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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russlan English Russian English %
sin sin sh sinh arc sh sinh:% §
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sec sec sch sech arc sch sech_l
cosec ¢cse ¢sch ¢sch arc csch csch

Russian English

rot curl
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Page 285.

Chapter 6.

Errors of radio lirection finder, connected with radiowave

propagation.

6-1. Effect of the abnormal polarization of electric field.

To external a2guipment/device of radio direction finder besiles
the t2rrestrial normal~polarized wave, can approach alsd> the waves,
reflected from upper air. In the qgeneral case the clectricz field of
the wave reflectad contains the vertical and horizontally polarized
components, moredver dimensional orientation of the components of
electric field, and also the relationship/ratio of their amplitudes

and phases changz2 in time.

Tha radiatiss pattorns used at present in the radio Jirection
finders of antenna systems in radiowave propagation at a1 angle to
the horizon usually Jdo not coincide for vertical and horizontal

components elactric fielde. Therefore the resulting radiation pattern
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for a total field does not coincide with radiation pattaras for fielid
component, We Sea edrlier that with amplitude direction-finding
method, utilizinjy an antenna radiation pattern of the system of radio
direction finder for a vertical (or horizontal) electric field, it is
possible to daternine correct bearing on radio statioan. From that
which was presented ic follows that during the determianation of
bearing from the resulting radiation pattern they are obtained in the
gereral case of errvror. Since the parameters of the reflecting iorized
layers of the atadsphere continuously change, changes thz
polarifation of radio waves, and also error in time. Thay are called
poiarizational ertors. In phase direction finders the simultaneous
reception/procedure or bhoth components of electric fi213 a1lso is led

to errors.
Page 286.

As is known, o2n ultra short waves under normal conditions, does
not occur the reflection from the ionizel layers. On midile and long
waves the reflaction Erom'upper air is obsetved mainly by night;
thereforz on thes» waves polarization errors are developei to the
most powerful degree by the night and thzy are freyguantly called in
radio dirzction findets "night effects®. 0On short waves the

reflection from upper air occurs during all days.
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Sinca the prasence ot polarizational errors is not zonnected

with a change in the direction of propagation, the palarizational

errors of radios direction finder one should relate to tool houses.

As tie basis of the elimination of polarizational errors, can be

placed one of the following principles:

1) The use >f the antenna of the system at whos2 raliation
patterns for vertical and horizontal electric fields would coircide
completely or at least in that part from which is det2crained the
bearing (Eor 2xams>le, application/use by the antenna of system with

the diverse framework):

2) decrease lown to the minimum limit of reception/proceduie of
one of the componants electric field, usually norizontal (system with

the spacel antennas, the coaspensated for framework and 50 forth)

3) tae elimization of the reception/procedure of tha wave
reflected and tha preservation/retention/maintaining of

reception/procedure one of terrestrial normal-polariz23 field (tke

sampled-data systams of direction finding).

3

Polarizational errors are the rapidly changing randor errors ani

their average value with sufficient time of direction finling as
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close to Zero.

In ordev to lecrease the manifestaticn of these errors, usually
in the radio direction finders, constructed according t> the secord
principle, are taten with direction finding several readings and is

designed average bearing.

Page 287.

be 2. Detarmination of error due to the abnormal polarization of

electromagnetic field.

Let us examiae action on the radio direction finilar of

terrestrial and ca2ftlected radio waves.

Let the 2lectric field of terrestrial wave has elliptical
polarization and it it is possible to decompose on E; - vartical
comporent and Ec™ 1 - horizontal component in the plane of

propagatione.

FOOTNDTE !, Hare and throughout phase is counted off cra2lative to E;.

%
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ENDFOOTNOTF.,

The horizontal coaponent of terrestrial wave in the plane,
perpendicular to direction of propagation, at a great listance from
transnitta2r atteatates and it is equal to zero. The decrease in the
horizontal field the greater, the greater the eguivalent ground

conductivity.

The 2lectric field from uppetr ionospheric layers of wave
reflected contains components: E, % - vertical fiald; E,e™
- horizontal fiell in the plane of propagation; E, e is a
horizoutal field in the plane, perpendicular to the plane of

FiOpagation.

In the case 2f the linear polarization of the elactric field of
the wave reflect21i, which has amplitude E,, the phase ¢4, the angle
of polarization y and the angle of the slope of a front of wave B,
its components will be: Egcosycospe™  ~ a vertical fieli; E,cosysinpe
-~ a horizontal fiz2id in the plane of propagation; E, sin ye'*s - a
horizontal field in the plane, perpendicalar to the plane of

propagation.

Let us desiyaate: HyF, {(a, 0, pB) - effactive height aad
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directional characteristic by the antenna ot system for components
the electric fiell of wave in the plane of propagatioa: dpFp(a, 6, 1)
- the sawm2 characteristics for a component electric fiell in the

plane, perpendicular to direction of propagation.

Sometimes f2r in the antenna of the system of radio lirection
finder directional characteristic F(«, 8, B} can be prasaated in the
form of the product of two characteristics: d{a, 8) - in aorizontal
plape ani f(p) - in vertical plane, i.e.,

F(a, B, 0)=(a, ) fp),
where 8 is an anjle of the direction of the oriented ralis station
with the initial reference line of bearing; a is an angle of the
orientation of dicrectional characteristic of relatively initial

reference line.
Page 2838.

Let us writa condition for the reading of bearing in tle general

case;
G{E,H,F,(a, 0, p=0) -} E,e’™H,F, (a, 9, B = 90°) +
By (1 4- R H F, (a, 0, B)+
- Egge™[1 4 R,e™ W) H,F, (a, 0, B = 90°) -
+ Eqe/ (1 R/ ™|H F, (2, 6, B} == g%, (6.1)
1-
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FOOTNOTE 'a In th2 case of propagation of VHF orn top, far example
from aircraft, B, = E, = 0 and Eg,, Egas En3 inh different
relationship/ratis>s are emitted by the antenna of aircraft.

ENDFOOTNOTE,

where R, % ar2 the module and the argument of the coefficiert of
terrain echo of the vertically polarized field; R, ¥, [- the
same for horizontal-polarized field Y 7, is the delaying phase
earth-reflectedl wave relatively falling directly for vertical and
horizeontal f£ialds; G is an operation of determining the bearing
(obtaining +the wmaximnum, minimum and so forth); g is the required for

obtaining bearinj result (zeros, the maximum value of lug/lobe, etc.).
From Fig. 6.1 it follows that if sensors are arrange/located at
height/altitude Hae then 4] in (6.1) will he {see Fig. 6.1)
4 .
:'%?(AB—*"BC):?EAD: " hysin g,

where AB and BC i35 the increment of the ray/beam, reflectad from the

earth/qground, D - mirror image ¢ and BC = BD.
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Feor a joniomatric system from n of the vertical wire antennas

whe: the separation of antenuas is much less than tha wavaleagth, we

have: F,(a, 0, B)=sin(a — 0)cosf,
F,(a, 8, B)==cos(a —10),
Inbh,o N
L
Page 289.

1, d2penls 21 the diagram of connecticwn of antennas (U-,
H-shaped, etc,). If. we substitute these values in (6.1), then by
formulas {IT1.3)-{IIL.7) can be calculated Guxas and bear ing ercor Afy,,
and also ratio A/B. Error increases with an increase in ratios H,/H,

and Eg3/Fgy {(wita an increase y), and also with an increase of angle

Be

For the charactaristic of the degrez of susceptibility by the
antenna of th2 system of amplitude radio direction finder to errors
due to abnormal polarization is introduced the concept >f the error
of standard wave - Aber This is that polarizational ecror which

appears with the lirection finding of one abnormal and

]

plane-polarized wave reflected when 7y B = 459,

For a frame radio direction finder with the veadingy >f bearing

on zero audibility.
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H,=H,, F,(a,?h, )=sin(a —§),
Fy(a, 8, B)==cos (e — 8) sin B,

Set/acsuming in {6.1)
E,=E,_—_E,,.-r;0. E,, =E,cosY, Eyy=E,sinY, #,=Pn=0,

from condition g = 0 we will obtain for the polarizational arror'

1 - Ryelth+w)

tg 80 =1t (e —~0)=tgysinp -y |
¥

If we at an angle y understand the angle of the pslarization of
the resulting wava taking into account terrain echo ani to suppose
that the phases of the vertical and horizontal componz2ats of electric
field coincide, then we will obtain

tg Ay =tg ysinp. (6.2)

This exprassion is obtained into §3.3. The error of the standari

vave of the fram2work at y = p = 459 is determined from the condition

tg Ao, =0,707 o1 b, = 35,3°,

The methods of the practical determination of pslarizational

errors ar2 ygiven in chapter 9.
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g =
Fig. 6.1. Course >f ray of the wave reflected,
Page 290, y

‘h

|

] 6. 3. Systams of cadio direction finders, free from polarizational

! errors.

!

X System with the diverse framework.

The descoibed (into §3.7) system with two diverse framework is

almost completaly free from polarizational errors, since the
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horizontal componant of the field reflected is not createl errors

with direction finding.

Main disadvantages in the systems with the diversa2 framework

they are:

1. saarp decrease in the sensitivity of system with the

elongation of wave,

2. Complexity of engineering Joniomatric system vith diverse
framework., gjoniometric system of two pairs of the diverse framework
whose planes must be parallel, has different sensitivity Eor the
different angles >f arrival of wvave. Sensitivity is equal to zero for
direction of propagation, perpendicular to the planes of the

framevork.

Is necessary instead of each framevork to take two mutually
perpendicular chaiged over framework (in all are obtained eight
frameworks); as a result the system strongly becomes complicated, At
the same time, rotary system possesses large inertia, which increases

time of the taking of bearing.

3. Presence in radiation pattern besides two zeros, letermining

accurate bearing, an additional two false minimums of aulibility of
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signal. It should be noted that the last/latter deficiency/lack is

not virtually essential, since "the falsa" minimums with the

direction findlinjy of the waves reflected are strongly are blunted ani

slightly differed from the true.

Furthermore, is required large thoroughness in coaastruction and ..

in the production of system with the diverse framewvork; thus, for
instance, it is n2cessary to fulfill with high accuracy the

parallelism of the planes of the framework (0.1~0.2°9), the identity

of the distances of the framework of receiver, etc.

Systems vwith the spaced antennas. Different connection liigrams.

The operating principle of such antannas is describal earlier
(§62.2, 3., 3.10. Antennas, are constructed so that the external

systam woull b2 a>cepted only vertical couponent of electric fieli.

Page 291,

The exception/21liaination of the reception/procedure of horizontal

component is led to the elimination of polarizational ercors.

Sometimes on ultra short waves is realized the reception/procedure of

ki ﬁ:,lﬂ;

waiil e
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orne horizontal conponent of field.

Th2 simplast system is the so-called H-shaped systea (H-shaped
system). The pattern of the connhection of the vertical wire antennas

in H-shaped system'is shovn in Figs 6a2e

Erf from each of the vertical wire antennas will be
feed/conductel to5 coils K by the horizontal pairs of the wires of
identical size/dimension {bc = ed = hg = ge), arrangz/l>c-ated at very
close distance from each other. As a result of the compl2te iientity
of wires in tham, they are induced under the effect of horizontal
electrical field of emf of identical value and identical phase.
Difference these 2amf, forming voltage on coil K, is equal to zero, so
that on system opa2rates only vertical component of electric field.

Therefore polarizational errors must be absent.

In order to ensure the absence of reception/proceiura to the
horizontal parts >f the anternna, ace necessary not only the equality
of the lengths of horizontal wires, but 131so iGentical 1loads at their
end/leads. Th2 1321 of horizontal wires are the upper and lowver
halfdipoles ab, ae and HF, df whose parameters in the j2araral case

are different 1ua to their location at the different height/altitude

above the earth/ground.
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On short anl ultra short waves sometimes for the a2quatiop of
loads from halfdipoles they raise above the earth/grounil 2ntire
antenna system. It is possible lover halfdipoles to take somewhat of
the smaller length than upper, but;, by th_ase_ they stealy from upper

and lower halfdipoles only in narrow frejuency band.
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Fig. 6.2. H-shap2l system of spaced antennas.

Page 292.

Therefore this method of a decrease in the polarizational ercors must
not consiler acc2pytable for a wide-range radio direction finder.
Furthermore, th2 >ptimum differencg.iu the lengths of upper and lower
halfdipoles depenls on the parameiérs of suil, i.e., it is variable

for the different building ygyrounds of radio direction finler. The

"nearer the parameters of soil to dielectric, the lesser its effect on

asymmetry.

Other reasons for the polarizational errors in H-shaped system

they are:
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a) tarrain 2cho of the field, created by current in the screen

of fead»: and tha induction to them emf in vertical condutors.

b) the pra2s2ace of the comuunication/connection between the

wires of feeder and input circuit of receiver.

The analysis of the components of the polarizatisaal error of

H-shaped system is diven in [6.5].

H-shaped system can be applied in the form of th2 rotary paiﬁ?af
antennas. In its this form frequently they utilize on short and ultra
X
short waves. Antenna system rotates around motionless ca2s2iver or

together with it. d

It is possible to also apply goniometric H-shaped system. )
Goniometer with raceiver in this case they place im cabin, which is

iocated in the center of antennas,

On 15ng waves the lower parts of the vertical wir2 antennas (df
and 21 in Fige 6.2) are taken usually shorter than upper, and for the
palancing of the load of horizontal wires in lower wiras, are
connec ted the agualizing capacitance/capacities C {Jig. 5.3). Inp this

form H-shaped system is called that which was balanced (or

equilibrium). To fit capacitance/capacity C so that they wel:
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equivalent to th2 load from upper dipoles on large wave band, is

Rl SN

- difficult. Balancing of H-shaped system is applied thacefore with the

R M )
N

limited wave band.
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Are known th2 cases of applying the balanced H-shapeld systen,

2%

)
i
2

Sl “h s -‘l PRI s - . L
JmmmmﬂhﬁmuﬁﬁﬁdﬁhuﬁthﬁAMMﬂmmﬁﬁﬁ&nM&ﬂﬁuﬁ

also, on short waves.

R
I 1

bt 20, 0B A e itbn e B o B ed A1k Sk 0 i o i e b i Sk b 10 vk Pobibnds .;M.:t wl-zl!imfil

ETIRE PR

]
E}
1
1
RO 1571 AT T




DOC = 77223214 PAGE a5~ TS:Lfi

b Fig. 6,3. Balancald H-shaped systenm.
oY,
X
- Page 293.
o
: In VHF range sometimes is realized intenna systza with the
dipoles whose oriantation can be changed for the reception/procedure
f 1 either of horizontal or vertical electric field (Fig. 3.51).
L
T
i Cﬁhe errot of the standard wave of the virtually realized
i H-shaped systems lie/rests within limits {1.10]:
at frequencias, close to 10 MHz, 49,
at freguencias, close to 1 MHz,. 39,
]
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at frequencias, close to 0.3 MHz, 4-89,

¥idest use will receive besides the described tvwo systems als~ a

U~shaped system aad system with conversion transformers.

Operating principle U-shaped of system is shown in Pig. b.4. The
reception/procedure 5f the horizontally polarized component of the
electric field of electromagnetic waves they strive as fac as
possibls to decrease. For this, are placed the hcrizontal parts of
the antennas (feelers) at certain depth ou the order 2f 1.5-2 m,
where the horizountal field is attenuate/weakened 3, ani also is

applied the syst2w ot the grounding of the shell of feeders.

FOOTNQTE 1, Pead2rs are placed below depth of soll freazing where the

parameters of soil are more constant during one year. ENDFOOTNOTE.

The degree of the veakening of the horizontal iantensity of field
at depth 2 m due to absorption in the earth/ground is shown in Pig.

6.5 for the case of tvwo soils:
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! (ﬂﬂ 6.5.6)—13};2\h<nan nouna,

=10, o==10"?
\\\Oﬁ-ﬂ Q )
8:=5, °=m.(!wﬁ (pu%. 6.5.a)~—c§33an nousa.

Key: (1)« Q0nma (2). Pige (3). humid soils (4) e dry soile.

From curve/gqraphs it follows that at depth 2 mn with ¢ = 1073
1/Qepr the minimua weakening of the horizontgl componant in the range
of waves 20-3000 3 ranqges from 2 to 7.5 times. With ¢ = 1)°2 1/Qep it

changes from 8 o 16 cimes,

Thus, with jround conductivities less than 10-2 1/ien,
especially on shayct waves, weakening is very small and one fill-up of

feeders into the 2arth/ground operates not very effectively.
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Pige 6.4. U-shaped system.
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. Page 294.
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Pig. 6.5. Weakeninyg of the horizontal componesnt of field at depth 2
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Key: {(1). MH2. (21.. Weakening by horizontal component, tiaes.

Page 295,

If horizontal electric field excites in the shell of feeder
certain voltaje/stress Eq. then by applying careful grounding of
the end/leads of the shell of feeder it is necessary to attain a
maximum dacrease in this voltage/stress on the end/leads o2f the shell

and in feeder,

The harmful voultage/stress, transaitted from shall into feeder,

will be
Eos 5225
Eo=kEo6 7,375 |"
where . Z, is ra2sistor/resistance of grounding of the 2ni/lead of
the shell of feelar; Z,- - the resistor/resistance of the half of
the lengtr of shall, Zos= jp,ig mols; Mas Po — Propagation

constant anil the vave impedance of shell; 5} is a half of the
length of shell; k - the coefficient of the transmission 3f the
voltage/stress from the end/lead of the shell into the feader of

antenna,

i.e., how carefully is done grouading, those
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less E¢ and is better the polarizational protection of U-shaped

M : : systen.

k]
E Besides a good grounding under antennas for a decr2ase in the

R A o sd by i

i

I
ol
Bk

hafmfﬁi effect of horizohtal fiéld. is Applied the Eupblelentafy iong
uife,-égﬁﬁectél ;ith-ghe sheil.of feédegua;a éaeked in-ghé -
X : - earth/ground its as continuation (Fige 6.6). By this is reached the o
symmetrical location of the vertical wire antenna of relatively

. secondary horizontal field and decreases the action 2f tiis field on

antennha. The extension of the wire can be grounded.

Fig. 6.6. Supplementary elongation of feeder.
Page 296.
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Pig. 6.7. Comparison d>f results of direction finding by framework ani

Jl-shaped system: a) good results; by average results; L) poor

results.




L e LT

T

DoC = 77223214

PAGE 5~ 3,

Key: {1) . hour after approach. (2). Fram2wolk. {3). Syst2a with the

spaced antennas. {4). Error, deg. (5). Tinme.

Page 297.

Depending on the conditions of propagation, the quality of the
work of U-shaped system can somewhat change. Figures 6.7 gives good,

average aad poor results of the work of U-shaped system [1.10].

U-shaped system with the buried into the earth/grounl feaders is
applied in places with large ground conductivity, when o > 10~2
1/0em, With such soils is observed the noticeahle weakening of
horizontal field at depth 1.5-2 m and, furthermore, sufficiently is

easily attained a good grounding of shéils of feeders.

For the best protaoction from the reception/procedure of
horizontal field, it is possible the feelers of U=-shapel system to
place above or unier counterweight in the form of wire gauze. A
radius of counterweight for each antenna is designed from that
consideration so that not less than 900/0 power of radiation current

would be -losed t> counterweight., This frequently is led to the fact

B SIS &b e B s o R B i Db oM B e o Pt it bt e o st il el 5
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that a ralius of counterweight is obtained the equal to three-four i

heights of antennas. Work {6.7] gives the calculation of the optimunm

AR A

number of wires of grid during their laying along radii under each

%

antenna. The pattern of the fulfillment of the grid of rcalis .

]

" direction finder is shown in Pig. 6.8. Grid consists of square cells

-

with side 4.
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Fig. 6.8. Schematic form of grid.
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page 298, _ :

The separation caa be calculated from the condition so that the ;
overall length of wires during parallel laying was equil to the
length of wires with their radial locatinon. If according to
calculation accoriing to [6+7) radius of grounding unia2c 2ach antenna
it is equal to r, the number of wires n, then the separation in mesh

' is obtained equal by d & 7r/ne

Grid usually assembles circular shape, with radius R = b + ¢ (2b
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- the separation >f antennas). On the perimeter of grid, are soldered
the lengtheniny wires whose length one should fit so that would be
realized the effective grounding on the perimeter of jyril on all
frequency band of the radio direction finder, i.e.,
resistor/resistance ecarth refafenﬁed Qf thé»soiderad to the perimeter
of grid wire must be equal to zero. For this, along the length-of .
vwires, must be placed the odd number of quarter wavelenjths of radi»s
direction findar (tzking into account the shorteping of wave in
s0il)e The total number of wires is selected order 100 with the

alternating lengta, calculateu for the different waves of range.

Figures 6.9 shows results of use of wire gauze with so0il by
conductivity ¢ = 1073 1/Qenm. Diameter of grid 31 m, the2
size/dimensions of mesi 0.6 x 06 me IS investigated radio direction
finder with 4 spazced antennas; the height of antennas 7.3 n,
separation 7.3 m. Feeders are placed to the earth directly under

r ':d.

In Fige 6.9 are plotted the polarizational errosrs which are

determinel at frajuencies 3-9 MHz with the aid of the heterodyne,

raised, s> that angle B = 119,
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Pig. 6.9. Polarizational errors of U-shaped system with grid.

Key: {1). Error >f polarization, deg. (2). HHZ.

Page 299.

Angle y it compns2s 759, In cucrve 1 are plotted/applied the
polarizational ecrcors of system without grid, in curve 2 - with grid
with the soldsred to its edges 36 groups of wires, each group
consisting of thrz2e vwires in consecutively changing 20, 15, 11 n
length (a total »f of 108 wires). Curve 3 gives errors with the sane
grii with 36 jroups of wires, each of two wires with a length of 15 n
even 25 m (72 wires). In curve 4 for a comparison ars shown the
polarizational errors of the same direction finder during

installation on 5911 vwith good conductivity ¢ = 310"2 1/)em and with

buried on depth 1.5 n feeders [6.4])a
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Or the basis of availaole material, it is possible t> arrcive at 2

the conclusion that during the application/use of a metall ization of lg

the surface of soil it is possible to estabiish/install U-shaped é

system in soils with the average conductivity, greater than 10-3 _g

1/Qem. In ground >onductivities 10”3 1/Qem and less one should apply ;z

|, H-shaped system. é

In {6.8)y is described the simplified method of the

metallization >f the earths/ground in by four-antenna to U-shaped

Sowhbmed 2 3.

system in the ranjye of frequencies 1-7 MHz, which consists in laying

R

above each feeler of the antenna not of circular grid, but metallic

band meshes.

e ]

atad m ndl nble bate:

Let us note the difference in the mathod of the alimination of :
the reception/procedure of the horizontal component of elactric field
in U-shaped and H-shaped systems. In U-shaped system this elimination
is based on ths screening of horizontal feeder. In H-shapad system

the recaption/pracedure of horizontal field is eliminated as a result

N

of mutual compensation; the loads of both wires of horizoatal feeder

must be completaly identical, i.e., system must be symmetrical, which

is virtually connected with those determined to difficulties. 5

o ettt
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In system with conversion transformers (Fig. 6.10) is placed the
problem to facilitate the achievement of the symmetric la:ding'of tvo
wires of aorizontal feeders. The lengths of the halves of the
vertical wire antennas are different. In order to eliminate the
effect of the dissimilarity of loads from thesé dntennas.bn the
horizontal wires, the latter are includel through coanvarsion

transformars witr small capacitance/capacities between windings.
Page 300.

The lesser thasa capacitance/capacities, the lesser is developed the
asynmetry of vertical condutors and the lesser the ercor of radio
direction findar lue to the reception/procedure of horizontal

electric field.

It is possible in the lover halves vertical dipolas to
include/connect compensating chains (on the long waves of

capacitance/capacity)e. Thenr is obtained system transforazr balanced.

Is applied also transformer system with the grounlel vertical
vire antennas., In this system for a decrease in the
reception/procedure of the horizontal conponent of elzctric field, is
requirei sesidas small capacitance/capacities between the wind ings of

transformer the eyen better ygyrounding of the vertical wicre antennas.
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As will be siown that the characteristic of susceptibility by

T

the antenna of system polarizational to arrors was iantradaced the

error of standard wave.

ol v, ]

ORI

i

In the U~-shaped system of radio direction finder and in other
b 3

systems vwnose fe3lers are placed in the earth/ground or it is close

,.4
Malatc
e — e

T
Eradt
1
W

above the earth/ground at height/altitudz less 5%“ anl in. presence '_;

P
[

of one coming in from above electromagnet ic field, the polarizational
error is completely determined by the anyle of the slapa >f a front :
i ' of wave f and polarizatio. 7 of electrical field componant. These 3

systems tney characterize by tne error of standard wava,

For the rais2d H-shaped system, especially on the ultra short
waves where delivsry head can reach several wavelengths, the
differences of the phases between that waich falls arl thaat which was i3
reflected from th2 earth's surface {or sea) the components of 3
electric field for vertical and horizontal polarizatisas they can be
different. Becaus2 of this to the maximum of total field (directly
coming in and reflected from the earth/groundy for horizontal

polarization can correspond the minimum of total fiell for vertical

‘ polarization and vice versa.
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Fige 6.10. Ant2naa circuit with transformers.

Page 301,

Thus, at the point of direction finding considerably changes the
relationshkip/ratio of horizontal and vertical electriz fiz2lds. The
polarization of taa resulting field depends on distancz2 of
transmitter and delivery head by the antanna of the systaa of radio
direction findar. This can lead to appearance at short distances from
the transmitter of large polarizational errors (the hocizontal
component of electric field it is great, in vertical clos2 to zero).
At large distances fronm transmitter, when the angle of incidence of
wave front becomes more than the angle of slip of Brawstar, phase of
reflection cosffizients for a vertical and horizontal electcic fielad

they become identical and the relationship/ratio betw22n vertical and

horizontal raiiatisn fields is retained during change in tltitudec.
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So [642), at frequency 130 MHz, during the
arrangement/pernmutation of H-shaped system at heights/altitude 4x and
during propagatisa above humid soil (¢ = %1072 1/Qen, ¢ = 10)
Brewster angla is equal to 209 and with the direction finding of

aircraft vhich flies at height/altitude 1500 m, the described

phenomenon occurs at distances to 4.5 km; above sea th2 angle of slip

of Brewst2r is ejual to B4° and this distance reaches to 16 ka. At
large distances taa real relationship/ratio between the vertical and

horizontal components of electric field is restored.

For this reason susceptibility to the polarizational errors of
the raised on height/altitude antenna systems of radio direction
finder to conveniantly characterize by the relation of effective
height for the horizontal and vertical electric fiells H,/#H, for any

angle of incidenc2 in the determined parameters of soil.

This same ta2 parameter is convenient for the characteristic of
susceptibility to the polarizational errors of phase raliy direction

finder.

To zompara2 i1 the relation to the polarizational errors of two
radio direction finders, if the charactaristic of suscaptibility to

polarizational ercors of one of them is assigned in the form H/H,,

and anothar in th2 form Of%r is difficult.

i Ao

E
?

4 Thoe
TR
mn_.!._.aﬁﬁ

2 stk i Bl ot st it ekl e bss 0 B T el St Bt b b U 550 A




e

ok "IN

b Tt

I

At

poc = 77223215 PAGE ‘T’5L/<’

Page 302,

At the large angles of the slope of a front from the ionospheré
of the radio waves reflected of radio direction finders with the
spaced vertical wire antennas, increases the relation of voltages
from horizontal and vertical components alectric field and increase
polarizational errors. Occurs this because with an increase 3
reception of vartical field, proportional cos? B, decreases, but the
reception of horizontal field barely depends on angle B. On short
waves the range of the steep waves when increase polarizational

errors, is located on distances to 400~-500 km of radio tranpnsmitter.

Furthermore, with an increase in ths vavelength da2teriorates the
relationship/rati> of vertical and horizontal receptions, since
ef fective height feor a vertical ficld falls, and tor hdyrizontal it is

retained approxizately constant.

Systam with the diverse framework does not possess these
deficiency/lacks, since in it voltagcs from the reception of vertical

and horizontal fields are proportiocnal to cos B, i.e., they fall

simultaneously with an increase B. The relation of the reception of
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horizontal anl vartical fields of this system does not Jzpend the

odes of wavelength.

Let us give some statistical materials, charactarizing RDF

systems with spaced antennas [ 1.10])

Fig. 6a11 anl 6.12 gives percentage error distributions of
bearings in night time on systems by U--shaped shielded, balanced with
transformars and >btained on rctatable loop. These figures are the

result of processing several thousands of night observations on

nediun-frequency waves,

It is interesting to compare the mean square errors of the
indicated systems, obtained as a result of these experiments, In Fig.

6. 11 mean square errors are equal: U-shaped system shisliad 2,49,
rotatable loop 12.4°, In Fig. 6.12 mean sguare errors ar2 equal:

system balancedl wvith transformers 192, rotatable loop 3.49,

Page 303.

If all results are converted to tne mean square errcdc of
rotatable loop into 12.4°%, then we will obtain the following

comparative errors of systecmns in the degrees: rotatablz loop 12.4;

system U-shaped shielded 2.4:; transformer balanced (balanted) systenm
1.5
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From the combarison of given data with the error of staniarad

vave of framework (35.3°%) it is evident that the averaje juadratic

-opefating error cimprises approximately 35-40o/0 of ercor of standard

st B el ek st e bl il

] ﬂ!&]:b&ﬂrﬁtis.uné;a.il

“wave. Henze it is possible to draw a conclusion about the permissible

ﬁ . error of standard wave with the assigned operating error.

Were the atta2mpts to use for the compensation for thes reception

t
i ' of horizontal field to the framework the supplementary horizontal
vires, connected with framework [6.6]. However, such systams did not

find practical application/use as a result of the high dependence of

the required compensation on frequency and soil of thz installation

of radio direction finder,
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Fig. 6.11, Comparison of the accuracy of direction finiinjy by the

framework and th» U~shaped systen.

Key: (1) Errors. {2). Shielded U-shaped system (4500 obsarvations).

{(3). Prama2work (3500 observations). (4). Error, deg.

Fig. 6.12. Comparison of the accuracy of direction finding by the

framework and the balanced system with transformers.

Key:s (1) errors. (2). System, balanced with transformer (3549

observations)., (3). Framework (3530 observations). (4). Error, deg.

Page 304,
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Circular antenna systems with acute/sharp directional
characteristic to a lesser degree are subjected to polarizational
errors, than system with cosinusoidal characteristic, for the

following reasonss - - : S R - -

a) the averaje value of the projection of feeders on any

direction smaller than the diameter of spacing of the anta2nnas;:

consequently, th2 less effective height for a horizontal electric
field;

b} the voltajes in feeders storesadd up not cophasally:

c) feeders have the best screening because of the large

size/dimensions of wire gauze of grounding.

The protectisn of phase systems on polarizational errors depends

on the workmanship of an antenna-feetler system,

System with pulse transmission.
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To decrease the polarizational errors is possible, applying in
the oriented transmitter pulsing. For the realization >f this nmethod

of direction finding transmitter, intended for direction-finding,

~must pe_Suppliad with special equipment/device for the

_emission/radiation of momentum/impulse/pulses. In this case ndt the

output of receptsr is included the cathode-ray tube on szreen of

which it is observed both momentum/impulse/pulse of terrestrial vave

and the momentum/impulse/pulses, reflected from ionospheric layers.
Virtually it is p>ssible to obtain several (to 6 and mora)
reflections from layer E, several (two and more) reflections fronm
layer F, and als? the diffuse reflections, near and remot2. Images on
the screen of cathode-ray tube lag behind each other tc the time,
caused by the supplementary distance of propagation, detecrmined by

the height/altitude of reflecting layer and by level of ra2flection.

The schematic diagram of equipment/ievice for a pilsa2 radio

direction finder is shown in Fig. 6.13.

The momentum/impulse/pulses, taken by the framework or another
directional antenna, create voltage on one pair of plates of
cathode-ray tube., To another pair of plates, is fed the sweep
voltage, synchronized by the local oscillator of low frequency whose

frequency is reqgulated to its coincidence with the pulse cepetition

frequency of transwmitter. Then on the screen of cathode-ray tube are

il
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obtained on the me2dium-frequency wvaves of image, analogous Pig. 6. l4.
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: Page 305.

i

BLTPE R RE R TRA S IR R SR

! L - The first peak corresponds to terrestrial wave (Fig. 6.1%1),.the

second (but sometimes and the third), that came is sanéihit-lafer.
corresponls to reflection from layer E (Fig. 6.14b), E; - the first

reflection from iayer E, B, - the second so forth,

N
st b il v

Direction finding is reduced to the rotation of fraaavork or
search coil of goniometer and finding of the situation, when

disappears the imige of the first peak from ground ray (Pig. 6.14c).

. H . .
et kS o ¢ L b b

This method of dicection finding is led to release fron

NIVEN

polarizational errors, but it it is possible to use with mission time
of momentum/impulse/pulse ouly up to determined distances from

transmittar, thus far the pulse duration is not greater than

R T T

difference in ths transit time of terrestrial and reflectad vaves.
Knowing the pulse duration and being given the height/alti tude of

reflecting layer, it is possible to calculate the maximum distances

[

of direction finding.
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Pig. 6.13. Schematic diagram of pulse ralio direction finier.

Key: (1) . Feed. (2). Time/temporary scan. (3). Pulse signal, (4).
Receiver. (S5). Amplifier is low, it is frequent. (6). Svitch
“Bearing-Aux. recaiver", (7). Circuit of scan. {8). Aux. rCeceiver.
(9). inclusive-off. (10). Frequency regulator of scanning/sveep.
(11) . Tel2phones. (12). The regulator of 1l-f amplifier. (13). Feed.
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ey .y ] ey

Fig. 6.14. Image on screen of cathode-ray tube. (Svweep fraquency is

tvo times greater than the pulse repetition frequency).
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Pig. 6.15. Images of morentum/impulse/pulses under different é
A

conditions of propagation of short radio vaves.
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FPig. 6.16. Ranges of diffuse reflection,

Key: (1). Radio transmitter. (2). Radio direction finiar. -
Page 306. é
On short waves at tube face, appear the images of riy/beanms as
at Fig. 6. 15, .
In Pige 6.152 after the imaye of ground ray (ZL) thare are two
d
groups of scattered rad.ation S and LS whose sources are at different .
distances from direction finder, ’
Figures 6.16 depicts the predicted paths of radiowavs
propagation for obtaining image analogous Fig. 6.15a. By crosses are
— - - e
4
3
g
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marked the possible ranges of diffuse reflection from the ionosphere
(5§, - the near range of scattering, S, -~ the remote ranga of

scattering). In Fiy. 6.15b the detachable wave followv tha2 reflections

- from layer F (sianjyle F,, twofold F, and triple F3). Image F, is lost

_ against the background of the scattered (distant) reflection LS. In

Fig. 6.15c terrestrial wave is absent. Image F, almost overlaps with
dLffuse reflectiz’>as. Under specific conditions can appaar also the

images of reflections from layer E.

Page 307.

It is possible to carry out direction finding on any of the
depicted momentum/impulse/pulses. On terrestrial wvave >n 3hort waves,
the bearing is raliable, thus liketheerror due to reflection are absent.
Bearing on first reflection from layer E is most reliablz of the

bearings on the ra2flected beanms, since from layer E vave comes most

hollow, also, with minimum lateral deviations.

A deficiencys/lack in the method is the wide emission band of
transmitter and the creation because of this of the interferences in
pulse transmission tn adjacent channels of coamunicatis>n/connection.
The receiver of radio direction finder must possess tha broad
passband of frequencies. So, with the duration of

momentum/impulse/pulse 300 us the passhand of the frejueancies of the

d B ity © R
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receiver must be order 5 kHz, with the duration of

nomehtum/impulse/pulse 0.5 us, the passband of the frajusncies of the

receiver nust bhe 3e 106 Hz.

- - Another.metuod of pulse direction finding is described into §

8.7.
6.4. Lateral daviations of the radio waves of skip banad,

With the reflection of electrowagnetic waves from tha ionosphere
on short vaves b2sides a change in the plane of polarization, are

observed the phenomena of lateral deviations aud radis interference.

<

As a result 5f the fact that at reflecting layer has the
changing in time aorizontal gradient of ionization, the surface of
layer seemingly become undulating. As a result in any point of layer,
appear the changiag in time slope/inclinations, calling the lateral
deviations of radio waves, i.e., the bearing error and change in the
angle B. Table 6.1 gives the root mean square values of the angles of
the slope of layers E and F and the average speed of tha2ir change

into the daytime are freguent under conditions of calm ionosphere

[6-11]). The RMS slope angles change approximately invarsaly




R R

pocC = 77223215 PAGE 557

proportional to frequency. Rate of change iu the slope/inclination
lie/rests vwithin limits 0.4~-0.5 deg/min. In night hours in summer the
angles of the slipe of layer increase not considerably in comparison
with the daytime, while in night hours in winter and during the

ionosyheric disturbances - to two and are more once.
Page 308,

When wave passes in the plar~, which separate/liberates the
darkened part of the earth/ground of that which was illuoainated is
obtained the horizontal gradient of ionization, which appears as a
result of illumination change. Calculations show that Eoc this reason

the slope/inclination of layer cannot ve more than 1°,

The period of slope deviation for any direction of raflection

varies from one to 30 and more minutes.

Any slopes/inclination of layer can be decomposed on transverse
aﬁd longitudinal. The lateral deviations of radio waves are caused by
ﬁhe transverse slopesinclinations when standard to layer is deflected
in the plane, perpendicular to the plane of great circle, the
containingy directicn of propagation. Longitudinal sloperinclinations

(standard to layer is deflected in the plane of great circle) are

produced change in the angle B. The oscillation/vibratioas of the
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slope/inclinations of layer are led to slow changes in the bearing in

time with the period of change from 1 to 30 min and mdre.

Let us designate: ¢ . is an angle of the rotational axis of

layer with the plane of wave front: & is-angle of the-slope of layer

bf relatively horizontal plane; hea is a heightraltitude of layer; D

- distance is transmitter - direction finder.

ot 55 b . sk e it A BRI b a8 sl et il b
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"Tabhle 6.1. Effective values of the slopesinclination of layers m\\

according to data [6.11].

£2 { P/ Crennna cio.
(4 ‘o) {3) Cpeanull xmagparnee. | pocTe NiMEHe-
Otpamenne ! Quansarent. | cxufl yroa naxsowa, MR YrAB Wa-
“oT CAOK foMey | wanm suicors, tpad ( "l.’:,‘;::‘ "
. i Y, ol
NS | 2w fooumn| WS | EW
E 3,7—7,31 100~130 1,1 1,4 1,8 | 0.5 0,5
4 9) F—1 4,3—4,6| 230-—330 1,4 11,412 0,6 | 0.5
! / {o6biKH.)
F—2 5,0—~7,7| 260—520 1,81 1,4124] 0403
@ (06mKH.)
F—2 5,0—=7,7| 240—500 1,5 1,1 1,8 0,4 0,4
(ﬂueoﬁuxu.)

Key: (1). Reflaction from layer. (2). MHz. (3). Equivaleant
height/altitude, k. {(4). Average gquadratic angle of the slope, deg.

(5) - Average rate of change of angle of the slope deg/min., (6)

=

comamon/general/total. (7) (ordinary). (8) (extraordinacy).

Ssing

4

Fige 6.17. Error 1ue to lateral deviation.
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% Page 309. 7
; Then with single reflection, as this follows from Fijz. 6.17

Ei ' {(earth/ground it is assumed to be the plane), the azimuth deviation

]] _____ of radio waves a4, from the plane of great circle transaitter -

I:(:" "1" _ direction finder will be

_r- = .

bl 1gA,=2h5‘tg(5sin¢). (6.3)

s T

@han higher layer and the lesser the distance betwaan the

‘G transmitter and the direction finder, the greater tha arcoar A, due to

the slope/inclination of layer. ~.f

it -
In (6.3) —2%2'== ctg @,, where #, is an angle of incidence in

: the wave on layer; therefore 4
| tg 8, = tg (3sin }) ctg P, (6.3

' épon consideration of the sphericity of the earth/jr>und formula ,
{(6.3') assumes the form
tg A, =tg (§sin ) ctg p,cosd, |

! b where ¢ 1is a half of the central angle between the transmitter and
! the direction finder. For the small distances ,'
cos® ~ 1 1 g A, =1g (5 5in ) CIE Py *
For the large distances and: .

cos b ~ sing, Atg A, =tg (3sing)cos g,




i

s
LM

e 2 :
-~ T

T T
£ —-——

3] ’_‘3.—5 T

CRNEE g

-

e b
i

N

i

Ty

poC = 77223215 PAGE & 5’(9,

Page 310.

If one considers that with reflection from layer F, the angles of
incidence lie/rest within limits e, = 30-709, then must be fulfilled
wvhen ¢y = 90° equality tg A, = (0.34-1.73) tg & or approximately at
small angles 8§

| 4, =(0,3+1,73) 8,

—

4
6% the preseace of two reflections, if the first >f thenm is

characterized by values &;, . fcar the second - by values 62.?v'“““

the complete lateral deviation of emission/radiation will be

tg A, = e (tg 3,sin g, +3 52 tg b, sin qa,)- (6.4)

cat

A

@bsuming the statistical characteristics of lateral leviations
at two mirror points identical and fica=hoas==lcn, we will obtain
that depending on the statistical comsaunication/connactiin between
slope/inclinations §, and &, the variance of error of bearings will
be: - in the absence of the correlation bhetween 6, anl 5, Eg::ﬁﬂﬁ.

. A — 1687,
- during the total correlation 4, =168,

With an incr2ase in the number of reflections of 2rror due to

lateral Jdaviations rapidly they increase. In all cases with the
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nucber of reflections, greater than one, the nearer the airror point

to receiver, the more powverful affects the reflection at this point

the error of lateral deviation.

--- ‘Pigures 6.18 - gives for-a radio direction.finder with_  _.._ ..
cosintsoidal directional characteristic the averaged iz2pendence on

distance of variance of error due to lateral deviations separately

for day and night [ 11.4].

It is experirentally establish/installed that if we conduct
direction finding at two points, equally removed from raiio
transmitter ani which are located at a distance to 80-1)0) km one fronm
another, then th2 lateral deviatious of bearings at these points
apvroximat ely coincide, i.e., the coefficient of the rnorrelation of

the slow oscillations of bearings is close to unity.

Page 311.

Thus, the conditions of the reflection of raiio waves from the

ionosplere at the pcints, spread on 40-50 km, are appraximatsely
identicale With aax increase in the distance between tha raflecting

points, the co2fficient of the correlation of slov oscillatiocns

falls.
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With the distance of mirror points approximately by 100 km
(bet ween radio direction finders distance approximately 200 km) the

correlation coefficient between slow oscillations is alrsady close to

0, coincide well only statistical characteristics of the

oscillations.

Simultanesusly with the oscillations of bearings with period
1-30 min are observed changes in the bearings with much more
prolonged period. The nature of these oscillations is not completely
establish/installad. Is observed the difference of averags diurnal
bearings of relatively average bearings for long time. There are
seasonal variations of average bearings. These changeé in the
bearings are not 2xplained by the effect of near envirsnnant, since
the introduction >f correc-tions on the local oscillator dses not

eliminate them.

Reason, apparently, cousists in change in time of the
characteristics 2f soil and parameters of the environment with the

antenna of system.

Since so on aultiple-pronged radiowave propagation saallest
lateral deviation has the wave, vhich undervwent one reflection, was

proposed the method of a decrease in the lateral deviations with the

reception of telajraph signals by the isolation/liberation of wave
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with one reflection.

eE.

Pigures 6.19 depicts the echo telegraph signal in the presence

b b B RS R ¢ o oo 2k ok Lk e sk il

of two ray/beans.
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Pig. 6.18. Dependance of errors due to lateral deviation fron

distance.

Key: (1). Square >f mean sgquare error, deg?. (2). Night. (3). Day.

(4) . Distance, kn.
Page 312,

For convenience ia the image, component signals are shown one under
another., The resulting signal can be equal or to sum (s51id line), or
difference in the components (dotted line). In radio 1ir2c-tion finder
it is possible t5 have such equipment/device which would
open/disclose receiver from each beginring of telegraph signal to the

time, corresponding to presence one of first reflection. Then all
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other echs signals are excluded and bearing must have the smallest

Qrror.

Por this, realization they utilize followiny, Betweea the first

and second reflections from layer F, must be the difference in time,

‘required for the passage of path, of aprroximately equal to two

height/altitudes reflecting layer. Consilering that height,/altitude
of layer.300 km,'the time between first and following reflections
aust be on the orier of 2 ms, Into radio direction finder is inserted
special equipment/device with the aid of which they opansiisclose its
only to 2 ms froa the beginning of each telegraph sign, and thus is
realized direction finding on the first reflection. In tw>-channel
automatic directisn finder without the acceptance of spacial measures
on tube face, are obtained separately ths bearings, which correspond

to the first reflaction and cunulative effect of all reflections.

For the lar3jar duration of premise/impulses, image brightness of

the first reflection is much less than total signal, vhich impedes

reading on the first reflection.

Usually for the direction finding of radio stations, it is
abstract/removed time less than it is necessary for the averaging of
the siov oscillations of bearings. Therefore, it is not represented

to possibility of Jdecreasing the error due to the slow oscillations
of bearings by meancg of the averaglng of readings.
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%} signal.
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; Key: (1). Pirst ra2flection. (2). Second reflection. (3). Resulting
E signal.

,'.1 rage 313.

A decreasa2 in the lateral deviations it is not possibla to also
achieve by the simultaneous direction finding one and tha same of
radio station on two diverse radio direction finders and by the
calculation of average bearing, since the coefficient >f the

correlations of lateral deviations at two points at a distance to 100

!
1
I
w3 ottt 0d e U« kb i o 8 R v o A s i s 3l h,’.ﬂixﬁ B b S e S i ol i i i

! km is close to unity.

K TN

In radio diraction finders with the larger separatisn of

antennas luring the multiple-pronged propagation of error due ¢to

TIPS I

120 Eha S it st

hh—.u.wsi xgiL setl i e



v

DOC = 77223215 PAGE <28~ 5(9?

lateral deviations, jis less than in cosinusoidal systems, because of -
three-dimensional/space selectivity and the preferred reception of
more intense wave with one reflection, when lateral deviations have

smaller values,

‘Hliﬂ!'

gl

6« 5. Radi> interfarence of skip band.

Radio wavas can simultaneously be reflected from layars E, F,,
P,, after undergosing reflection one, two and more once. With
reflection froa any layer due to the local heterogeneities of layer
("roughness") occurs the partial scattering of radio wavas.
Furthermore, with reflection is observed magnetoionic
splitting/fission into usual and extraordinary waves. It is concealed
by shape, the orianted signal can consist of the large number of
component ray/beaas, which interfere between themselves, noreover
each of the reflected beams is usually accompanied by the beam (cone)

of scattered waves.

In the examination of the passage of the wave through the
ionized layer, it is assumed that the ionization of layer in vertical

and horizontal directions changes independently accoriing to normal

lavw, moreover reflection affects the local heterogeneity of layer in
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range with the size/dimensions of sides approximately 1 = 500 n.

On output from layer, the power of the incident wvave (after

losses in layer) is distributed between the correctly reflected bean

and the beam of scattered vaves. -The relation of the power of

fundamental -rays/ba2am and the total power of the beam of scattered

vaves [6.15]

s
g== —37
]—e °

whete ¢ﬂ--— the dispersion of equivalent phase displazazant as a
result of the passage through the layer, which depends on the

characteristics of layer and frequency.

Page 314,

At low values ¢, < 0.5 raa
1

=$;-

Experiment showed that at frequency 5 MHz g9 = 2.5 and ¥, = 0.3 rad.

The angular 3istribution of power in the beam of scattered waves

has the dispersi:n
P A!w?
oo_ .1

—a?\
2031\ | — ¢ ")

vith small ¢ —_2
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and power in beaa has the normal law of distribution.

The coefficient of the coxrelation of the angular spectruu in

tvo antennas at a distance 2b xs designei fron the focauu

[.,,—('%r ] |
R(2b)y==——sg]e * -1/

&2
1—e *

When @, swaller than 0.5 rag,
-(7)°
R(2b)=e \%/,

The root mean square value of a supplementary phase difference
at these two points is determined from @, and R(2b):
w=0) T—R@)= VT =R
and the root-mean-square deviation of bearimg ¢ caused by
scattering rays/beam with the reflection which is determinad from
condition 4eb/N sin sy=vw, vill be
mﬂ*% A]/T;-.T;\sz 3‘:79-#'3"‘/1-4—(1'-)
Vith small 2b/a

Ao,
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Page 315,

Calculations show that scattering radio waves is determin2d mainly by

layer E, even vhen reflection originates fron layer F.

Since to dira2ction finder can come several ray/beawms, which

-undervent single and multiple reflections, due to the interference of

these ray/beams are observed the oscillations of bearings within
large limits, Por example, when the radio direction finder are
approached simultaneously two ray/beams of approximately identical
intensity and tha angle between them is very small, but a phase
difference is close to 180°, is obtained the deviation 5f bearing to
% 90°, In Pig. €.20 DA -~ the fundamental reflected beaw, which is
propagatel along arc of the great circle; 0B is the seconi
supplementary ray/beam, which forms small angle 6§ with DA, The
strength of the magnetic field of the second ray/beam H, has a phase
differenca relative to the magnetic intensity of the fundamental
ray/beam d,, close to 180°. The resultiny magnetic fieldl Hpe
corresponis to dictection of propagation 0C. This direction is
displaced with rzspect to the fundamental ray/keam OA in angle W,

close to 909,

A phase diffarence between the interfering ray/besams can take

any values, and the displacement of the resulting directiosn will vary
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withir the range 2f 0 to & 909,

The heightaltitude and the characteristics of ijadsphere
layers, which affacts refleaction and scattering radio vave, rapidly
change with period from fractions of a sacond to five ani more

seconds. The peri>d of rapid oscillations increases with 1 decrease

in the frequency and in night hours.

With the sam2 period occurs a changs in amplitude and phase of

component waves, and also of amplitude and direction of the resulting

field. Simultaneously changes its polarization. Appear tha2 rapid
oscillations of b2arings due to the phenomenon of interfa2rence and

alternating/variable polarization oi +the field reflecta2ld, which reach

to & 900,
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Fig. 6.20. Onset of large error due to two-keam interference.

Page 316.

In the pres2ice of radio interference, change the
size/dimensions and the form of the image of bearings on the screen
of the cathode-ray tube of two-channel radio direction finder - from

linear th2 bearing becomes elliptical and even circular.

Let us examiae, as they change in the presence of two-~-beam
interference bearing error, the length of image, i.e., tha length of
the transverse, and the ratio of small and transverses 3f image on

cathode~-ray tube.

In accordanc? with formulas (5.11) and (5.10) for a radio

direction finder with cosinusoidal direct ional characteristic for a

bearing error A we have the expression
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_ k'sin®2¢y 4+ 2k sin dycosyp |
tg28 = I 4+ kVcos 24, 4 2k cos §,cos p *

the length of the transverse of image it will be

B =/ cos" - K cos*(§, 1+ B) - 2k cos A cos (P, + B) cos ¢

the ratio of the axes of ellipse is deterained from the formula

B 7 ¥V osia + KPcos? ($g + 8) F 2K cos A cos ($y+ A) cos §

é;r a special case of two-beam interference at th2 angle between
them ¢, = 10° ani in the relation of strength for rays/beams k = 0.9
are designed the dependences of the bearing error A, of tae length of
the transverse of image B and the ratio of axes A/B on 3 phase

difference ¢ betwaen the strengths of the field of ray/beans.
Results are represented in Fig. 6.2%a.

Fror the curves of Figy. 6.21a, it is evident, that at the
paximum length of the transverse of image (B = 1) and th2 minimun
value of ratio A/B (it corresponds to a phase differenc2 5f the
interferiag rays/b2ams ¢ = 0) beuiring error A:;%u Error and the
ratio of the axes of ellipse are little affected until th2 length of

image becomes less than z5-30o/0 of the maximum and A/8 > 30-400/0.
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Page 317,
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Fig. 6.21. The interference errors of ralio direction finder with two

ray/bear; a - depandance of B, A/B, A on a phase difference with

»

cosinusoidal diagram (kX = 0.9; ¢ = 109 3 b - the dependance % on

the separation of antennas for a system with the cyclic mesasurement

of phase.
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Key: (). Lower limit. (2). Average value. (3). The upper limit.
(a}. Cosinusoidal system., (4). Large-lkase system. (b). Cosinusoidal
system, (5). Low2r limit. (6). Average value. (7). The upper limit.

(¢) . Cosinusoidal systen.
Page 318.

With even smaller size/dimensions of the major axis (anl the large
ratios A/B) the 2cror can grow considerably. Thercfore, if operator
takes single reading with small image size and large 2llipticity, he

can on‘ain large 2rror.

In Table 6.2 are desiyned the bearing errors, calculated along
the transverse of image on the cathode-ray tube of twd>-zharnel radio

direction finder in the praesence nf two~beam interference,

Tre rapid oszillations of tearing due to interference can he
averaged for time of directiou finding by means of the taking of
several ra2adings and calculation of average hearing. Sinze all the
valuec uf a ptac~ difference ¢ from 0 to 2n are equiprobable, if we
take the particular readings through equal time intervals, without
considering chanj2 in the signal amplitude and the ellipticity of

image, the error of the averaged bearing it is determined hy its

artithmetic mean value without taking into account of sign Agp

A3

=

-
Jisadaby
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| ke sin® 24, + 2k sindgcos y
[’f arctg | 4 kicos 2.\"0 2k cos g, con g J de.

n
- |
Acp:A'——‘Z"S
o
@ntegral determination in the general case difficultly. At the
lov values of the errors when A m¢ k sin ¢, cos ¢, integration gives
‘zero valuz for acrithmetic mean error, i.e., =~

pid
Ao,,=ﬁ5 ksin ¢, cosp==0,
s ,

Table 6.2. Bearing errors with = 0 and ¢ = » for tha 3ifferent

values of k and }170 .

%7
Ouinb, n
X dof “ngnn:n:q:':miiru
¢pad
I 1 ¢e=0 L2 ]
|
0,9 i 0.6 -9, 4
4 1,3 =3l
5 2,3 —43,3
10 4,8 —55,3
0,5 | 0,3 —1
3 ! —3
5 1,7 —4
10 3,3 —10

Key: (1) deg. (2). Error in deyrees at values,
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Fige. 6.22e. "he darendence of the correlation of errors on the tipe

between the obgzivation: ooo - experimental data; ——

cCurves.

Key: (1). Correlation

coefficient R(T) .

Se (U4). Intervals between readings, s.

Page 319,

Numerical iategration error function (Fig. 6a.273)

{2) . Experimental data.

calculated

shows that by

awlivilo e

means of the averaginy of bearing it is possible to obtain an error




@

very greatly in comparison with reading vith ¢ = 0.

of bearing, as do2s affect the averaging time for mean error and of

poc = 77223215 PAGE 43 5761

less than with ¢ = 0. Hovever, if one considers that virtually it is

possible to take readings during amplitude reduction of signal only

3
]
3
“

to 4-5 times relatively maximum, then a decrease in th2 =2rror not

2
%’
e

Does arise question, as freqﬁéntly one should takas the readings

which decrease in the rapid oscillations cf bearing it is possible to

i
i ditlne 1 o it b i i

achieve virtually?

m

Figures 6.22 gives two obtained exparimentally the curves of the
dapendences of the coefficient of the correlation of readings R(T) on
time interval T between readings [6.147. The theoretical lependence

R(T) on T takes the form

r

R(T)=e-ﬁ1

moreover from th2 curtves of Fig. 6.22 it follows that T, = 0.3-1 s,

Page 320.

the curves >f Fig. 6.22 show that if the time inta2rval among

wmenstenid Bl et o BB 2 L i B DR ks abais B Rl g o a2

readings is more than 1-2 g, then the coefficient of the correlation

of adjacent readiigs is close to zero, readings become inlependent

variables.

Ii.ﬂ:lw.::.ii: Tlhors 2T s h e BRI e e doidi S T . T
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The zoefficiant of the correlation of rapid oscillations an the

‘ radio direction finders, spread more than on 200-400 m, it is close

to zero. Therefora the averaging of rapid oscillations is possible

also by the calculation of the average value of the bearings,

T AT R
'

undertaken sipultaneously on several radio direction finjars, spread

for distance ;arger_ZooquO M

R

; The a2ffect >f averaging time for the dispersion of tae rapid

' oscillations »f b2arings is represented in Fig. 6.23. Averaging was
realized automatically, i.e., readings wzre taken after avery 0.08 s.
For averaging tims 10 s (125 readings) the dispersion 3ecreases 4
times (decrease ia the root-wmean-square deviation 2 times), a
decrease in the dispersion 10 times is achieved at the averaging of

the readings, undertaken approximately after 40 s [8.32).
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Pig. 6.23., Effact of averaging time for the dispersion of the rapid

oscillations of hearinys.

Key: (1). Dispersion of averagc from the p of readings. (2).
Experimental baths., (3). Average dependence. (4). Time of

observatisns, s« (5). n - number of the readings, undertaken with

interval 0,08 s. {6). Dispersion of single readiny.
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Pig. 6.24., The dependence of the root-mean-square deviation of
bearings from the distance: 1 - single readings; 2 - averaged

teadings; x and o - experimental data,

{1+« Errors, deg. (2). Distance from radio direction finlar, miie.

Page 321.

Processing the results of the direction finding of radio
stations with ranges 1000~-5000 km on goniometric spaced-antenna
direction finder showed that the dispersion of single readings in
daytime hours has average value of 10 deg2, It can be lacreased 10
times, i.e., it is led to 1 dey2 by means the averaginjy of readings
during S min (10-12 readings at intervals 20-30 s). Dispersion on the

order of 1 deg? have averaye for 1-2 hours bearings anl the average

o . o | N
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diurnal b2arings >f relatively mean for the wide interval tinme,
Therefore an incre2ase in the averaging time of bearings is greater
than that that is required for a decrease in the disparsisn 10 times,

i.e., to 1 deg?, it is inexpedient. At the same tinme, with taking

more- frequent than after 20-30 s of the readings of this lecrease in

“"the dispersion (1) times) it is possible to achieve with 1irection

finding during 30-40 s (Fig. 6.23).

Thus, under conditions of the normal passage of ralis waves in

daytime hours it is expedient to average bearing during 32-40 s.

In night hours and in the low-frequency part of the range of tha
short vaves when the period of rapid oscillations increases, time of

direction finding is expedient as far as possible to incra2ase.

Figures 6.24 depicts the obtained on goniometric raiio direction

finder dependenc2 on the distance of the average quadrati:
oscillations of the single readings of baaring relative t> average
values for 10 min. In this same figure are yiven averige quadratic

oscillations of besarings, automatically averaged aftter 41 s (16

readings at intervals betveen readings 2.56 s).

on e ot e o
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# :—-- -~ - - As-a result of the.averaging of fluctuation, they decreas2 from two
to four times (on the average 3.3 times). Fijures 6.24% shdows that the
gl ~ pinimum spreads >f bearings are observed at a distance 1500-4000 kn.

With a decreass in the distance, they increase faster than with an

[ & increase.

During applization/use in radio direction finder by thaz antenna

of system with acute/sharp directional characteristic due ro the

i
]

o

C manifestation of the three-dimensional/space selectivity 2f the
! fluctuation of besarings from radio interference have tha smaller

values than in as an antenna to system with cosinusoiilal

characteristic. 23

Le
=
153

We give tag £o9llowing comparative results of the saparate series -

of observations on goniometric radio direction finder anl on radio
o direction finder with acute/sharp characteristic direction {6.16).

‘ Dispersion of readings due to the rapid fluctuations 2f tie bearings:

1) layer F,, frequency 11 MHz, in the daytinme: 3
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- on goniomatric radio direction finder 1.6 deg2;

on radis lirection finder with acute/sharp directional

characteristic 0.17 deg2;

2) frequency S MHz, at night:

£,

gw : - on goniomatric direction finder 18.2 deg2?;

by

E,?' - on radio direction finder with acute/sharp diractisnal
B

{;'} characteristic 1.4 deg2.

3 \! '.

o

L

S
-f‘ With twofold reflection the vapid fluctuations of bzarings
i

grow/rise., The value of rapid fluctuations depends on the character

TR TR T

'g of soil at mirrotr point from the earth/ground. It is 2xpartimentally

L8

! establish/install2d that the smaller fluctuations are obsarved, when
after the first ra2flection from the ionosphere wvave falls on sea

P surface, but not when it falls to the earth. This is =2xplained to the

TR

facts that the cayafficient of scattering radio waves with reflection

from sea surface is less than from the earth/ground.

Let us designate the dispersion of the rapid fluctuatiomns of

TR, T T T T T T e T g T e

P
;

:
¢
L
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bearings with sinjle reflection from the ionosphere by YEV The

dispersion of the rapid fluctuations of bearings after taa second
reflection from tae ionosphere, if after the first wave reflection

falls on sea surface and angular scattering with reflectisn from sea

L

b ol iamiiheh o s R B i

i
1
1
1
1

st il

:2“"__ cos?d, 7
627 “engt 3, 61

e

(RIS PN Y NUPHIR S UK T TT T (R T £ T IITORS SRS 3 ST U I VRPN a,i&ui!#i'zL.im—.:-i2-.m‘i_hih:ﬂh!ilmm-.mn:LmilJEﬁhH

vhere &, and 4§, are angles of incidence in the wave or ionospheric

layer with th2 first and second reflections.
Page 323,

FPactor c©2s265/cos526, considers that the bearing error is

proportional sec 6.

If after tha first reflection from layer wave falls to the
earth, than, by cdnsidering the coefficients of reflection from the

ionosphere and the earth/ground approximately identical, we will

ok tain
AZ __nCostd —-
Bgr==3 T A5
At frequenci2s, greater than MPCh [- maximua usable

frequency], whan the ionization of layer is insufficient for the

i

normal reflection of radio waves, car occur reflections frcom the

PRACTATEEN SYER,

- oo

r
.
i 3 b .;me'n-a._. .
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individual mov2d in layer heterogeneities with large ionization or
from arecas of the ionosphere from the required for reflaction given
frequency hy ionization, that are found aside from other great circle
ftransmitter - direction finder". In sugh cases are obsarved large

alternating/variable errors due to large lateral divergences.

- Identical lacrge errors with the same radio station Can b2
observed on several radio direction findars, spread up to> large

distance fto 1ozens kilometers;.

Susc2ptibility by the antenna of the system of radio direction
finder to interference errors is conveniantly characterizad by the
mean square error o . which is obtained with let us accept two
coherent plane elactromagnetic wvaves (main and supplaaantiry), when a
phase difference # of the strengths of the field of thasaz waves in

center with th2 antenna of the system of radio direction finder

varies from 0 to 2w,
It is accepted that they remain counstants:

$¢ ~ an angle in the horizontal plane between the diractions of the

arrival of two waves;

By - angl2 in the vertical plane of the lirection of aaian wave;

: - . » A-|! | ! N . '
&2 e hoi cw i S bbb e

S S e
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B2 ~ angl2 in th2 vertical plane of the direction of supplementary

vave;

-kJF':élatioi af the strengths of the field of supplazantary and

main vaves (k<l).
Page 324.
If tae error which is obtained relative to the direct ion of the

arrival of main wave under the indicated conditions ani with certain

phase difference #, to designate bhy A, then

2=

2 __ |

o= S A'dyp.
]

We give the formulas of calculation s, for a cosinusoidal
system and systems with the cyclic measurement of phase ia high

frequency.

Cosinusoiilal systanm.

Error A is d2termined by the formula (5.11), in whizh let us

2

bl ol
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. replace k with relation Bc_co%.j% =r and p—¢=¢, We assume that
' in view of smallness A it is possible to count *

ol iaoa | 1g128
! A'---;sm'2A_- NS
L"'.‘, Then ;
3 . 2% | 2% o sins +
G 21 {eine 1 (2r sin ¥, cos ¢
- % én Ysm 2Ad?_8ﬂ f(l =+ 2r cos ¢4 cOsy + r? cOS 249 +
) 0 0 :
A : + r2sin 244t d .
-‘: + (2rsinyg cos y + r2sin %,)* ?- ;
’ ':
bl
*
:‘. ’ At low value Y, E
| 1 @ (¢ + cos ) ,.
2 (2r))* (r + cus 9)?
-0 % T 8r | (T 4+ r* 4 2r cos 9)? d.

0
Producing the replacement of the variables tg(#/2) = x, after
integration we will obtain for ¢ a:—;_-'._(.’ﬂ_ (for 4,06° the error

P

of formula less than 60/0) .

For any values ¢, the expression for o  will be [wasd.

2 __ risinde (1 — r1cos 2¢,) (6 5)

% ST =rTcos e £ 1Y

Page 325.
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Radio direction finder with the cyclic measurement of phase in high

frequency.

In §5.3 it is obtained expressioh (5.25) for a beariag error

vith the i1irection finding of two ray/beanms:

t

__ Scosy
tgA"'a,—ssln-;g"

After the substitution of value for 7 from {5.24) we will

obtain
‘ __  2sbsing
tgA T ad,—s (G’. -G:COS bo)’ (6.6)
where

5; = 2; bcos Bi
6,==%Fbcosﬁﬁ

a=V) 8 48 —253,cosy,;
k!
s=2 [ kcosg/, (a)—-fcos ¢/, (2a)4-.. ]

FProm expression (6.6) are derived the approximation formulas,

which giva uppar and lower limits for s, [6.13), so that
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0y >0, > oy

TR

N

Fa—ar
Yk,

U e

The upper liait for o

LeLs ITTEL

i : S ?’f3lsin+;%; -
§3—--—-- —m e T Op == - . (6.7) L L -
% — 7 [ (8 — dgcosdy) !

X Lover limit for o,

Y38, siné, T;—
== . (6.7

S au—-l/-{[a,.}.-2|(6.—0.col%)|].+(%a’“n%)’}

where

.
7= Y 7 V:(ma)l + Ry,

moe|

poreovsr p is takan s2 as to fulfill the inequality

0.0k (D) ]
I".n < ’a'{'ﬁ’q:'l_)l"" I - KY

Page 326.
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If angles Py and B, considerably are distinquish2i 214 ¢, 1is

small, then it is possible to use the approximation formulas for o,

and o,

. VEdsing, T
Gn————a—;————- a'

l’é‘ag .'ﬂ *. T

—

W= s i a
b+ 2 [@Bi—3sconbe)|

With the larje separation of antennas, when {2¢/A\)b ~— e,

formula (6.6)~(6.7) they are simplified:

7 7
Gn':-G":';szzg—a;_:—l—nj'_’ 'z‘. (6.8)

Focmula {he8) it is possible to use wvith the suffiziant accuracy

when 2b » 2\,

The investigation of error o, showed that it incceases vith an
increase 9, {(to lefinite limits, it is aralogous to the Curves of
Fige 5eh). krror also increases with approach/approximation to the
equality of anglas j3; and By. Figures 6.21b depicts to the dependence

of error o on tae separation of antennas for the following zases:
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$o==5%44", k==0,9, B,=30° B,==45%
$y=1°, k=09, Bl=30°' p.'=30°;
o =0%4, k=09, B,=233, p,=>53°

- ---. From curves it is -evident- that at low values: §, -and-B, = B - -
with an increase in the separation of antennas the error ¢, little
decreases. A noticeable decrease in the arror éan be obtalned with

the very large s2paration of antennas 2b » (10-20)A.

With large ¢, an increase in the saparation up t3 (4-5)\ is led

to noticeable dezrease 9,0 A further increase in the separation

Ty

affects smaller; furthermore, errors themselves becon2 s3mall.

w
=.

Page 327.

T MR TR SR s e ony

Virtually foc an effective decrease in the interfarance srrers,

it is exp=2diznt t> increase separation to (4-5)2.

The conclusians, obtained for a system with the cy:clic
measuremznt of prase in high frequency, are approximately valid also
. for by the ante of the system of phasa radio direction finder and

radio diraction finder with acute/sharp directional characteristic

T TN T T T e i el Ukttt A TR e b ale it
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with the identical separations of antennas of systens.

e s A

ik

=

ok jorpery
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6.6. Special feature/peculiarities of direction findiny on different

|
i

- wave bands and _s2lection by the antenna of the system of cadio

~direction finders - . .. .. Lo

RIS E s O -norig .. Spne Ay
! . .
|
|

e

L

Direction finding on very long and long waves (frequency is less than

100 kHz) .

S
.
~

The characteristic features of propagation of vet{“ta!‘
™~

frequenciass they are insignificant absorption in soil and ability

o g

because of diffraction it is comparatively easy to go around the

earth/ground, At short distances from transmitter, smaller 300 k=,

predominates ground wave. The strength of field does n>t lepend on

gl syl

time of days and year. Spatial waves have small relative to suppress
vaves the strength of field. At these distances polarization normal 3
and in ralio direstion finders are applied frame antenna systems with ;
rotatable loop or with two motionless framework. Two iamabile

‘ frameworks net always coaxial of symmetry - they can ba assembled so
that are contacta] their lateral sides. The noncoincidenca of the =

phases of field on the axis of the symmetry of both framawvork in i
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these waves little and is not led to bearing errors.

T
-,

k

.

1)
o

A ze ol
Al

A

With an increase in the distance all more predominata2s sky wave

- a)

—

above the terrastrial. From the ionosphere the vave reflected can
_have, especially into night hours, an abnormally-polarizzi component

of electric fiell.

i ERPTERAT

i i Of the framawork appear polarizational errors.

ﬁ Acco;din; to> experimental data at frequencies 16-20 kHz,

ﬁ polarizational errors reach values in daytime hours by the summer:
i - - at distarcas 250-600 km approximately to 99,

3.3

; - at distancas 1000 km approximately to 69,

- at distanc2s 1500 ax approximately to 39,

Page 328.

In the night are frequent the errors they grow/rise:

at distances 200-400 km to 200,




_'or vith the phas= readxng of bearlng [8 26].

DOC = 77223216 PAGE A3

s96b

- at distancas 1000 km to 100 [6.20].

Is possible the application/use of systems with tha2 spaced

vertzcax wire antannas accordzng to U-shnped diagral uith gonxoneter

Direction findinjy on medium~-frequency waves (frequency 122-1500 kHz).

Absorption in soil on these waves is more than on ld>ag, it
increasing with a decrease in the ground comductivity 3anil with an
increase in th2 freqguency. Terrestrial wave has vertical
polarization, but its range decreases with an increase 2f abscrption

in soil.

Th2 zost characteristic features from the ionosphere of the

vaves reflected:

1. Negligible inteusity in comparison with grouni waves in
daytime due to powerful absorption in layers E and D, whereupon on

shorter vwaves absorption grow/rises as a result of

approach/approximation to the freguency of gyromagnetic ra2sonance.
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On the high latitudes in the daytime hours of winter months,

sometimes there is sky wave, since losses unier thesa2 :sonilitions are

smalle

_i: Consilarable intensity of these waves in dark time of days at

‘distances from dozen kilometers and more, which is explained.by

powerful Jdecrease in losses in ionosphere due to decrease in

electronic concentration and collision frequency.

3. At three ilistances where there are sky waves, is sbserved
fluctuation of intensity, which occurs due to interfecenca of several
ray/beams. The ostillatory period is from second to saverzl dozemn

ainutes.

4. Polarization 3f those who were reflected wills elliptical or

linear, that chanjes orientation in the course of time.

In daytime hours on these waves, predominantly it is not
reflecred from th2 ionized layers of the atmosphere of
electromagnetic waves, but there is one terrestrial

normally-polariz2l wave.

Pagde 329.
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Therefore is possibla error-free direction finding by the radio

e I ok
. T
|
L

direction finlars, which apply frame antenna systens. ;f

B
¥
f% Howaver, som3times can come in the daytime and from layer E

N ) . o - =
L3l reflected the wave of weak intensity. Du2 to the effact 32f the =~ ~ ~~ =
J T . A o S o . y . L U ﬁ
f; horizontal componant of the electric field of the vave raflected ) i

appear the daytime fluctuations of bearings. For this c2ason the

average for day b2arinys by one and the same radio station can ' -ffg

e
b

somewhat change from day to daye.

i

i e w2 2037 Alled, e .u..-‘._n.% 1 B BRI € B | Lo S i i
>

Figures 6,25 depicts the average values of bearings for day to & =
radio stations, designated a, b, c, d. The fluctuatinns >f average ;;,
bearinys from day to night reach $1.5-2°, Separate bearin)s during B

day can have larys divergences. .

In night hours due to the action of the intense wvaves reflected
are observed the night effects {(effect of a normally-pdslacized
field). They most powerful are developed during 1-2 hours to rise and
sunsat ani durinj 1-2 hours later rise and apprcach. In southern

latitudes powarful night effects are observed in the course of entire

v —— e ————e
S
H

night..

Night effects are manifested during the use of fram2 antenna

systems in tha following phenomena:

et bl ek o sl o i
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1) bearing does not remain constant, but it chaajes, *goes for a-

ualk";

'2) in radio jirection finders with tﬁeﬂreidiﬂj_af"bsafiﬁé_S;fthé_

_Qiﬂiﬁhﬁ; sédetimééﬂéé hé@m;;;é;;d“in ébtaiﬂing'the complete
disappearance of audibility ané changes the compe.sation for antemna.. ..
effects; in twd=-zaannel radio direction finders sometimes the image

of beariny on catiode-ray tube takes the form of ellipse froa the
changiny orientation of major axis and with the alternating/variable

relationship/ratio of axes;

3) oczcur chaages in signal strength, the intensity >f signal

drops to zero at times (fading).
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Fige 6.25. Daytiaa fluctuations of bhearings on medium-fraguency

vaves,

Keys {1). dege.

Page 330.

More powarful night effects are observed with the direction
finding of the ralio transmitters whose antennas have larje
horizontal part (for example, L-shaped), since this aantenna emits tha
korizontally polarized component of electric field. In terrestrial
wave this component rapidly attenuates; from the ioniz2l layers of

the atmosphera, it is reflected.
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On the basis of the available data on prolonged licaction
firding by the ground-based and ship radio direction finiers of
' different radio stations in the range of waves from 500 to 10000 m to
_?é#é-Aiffer;ﬁ£-hour§ of days'it is ﬁéséible'to-arrive at €2llowing

conclusions [6. 10, 1107

If transmission occurs above sea and there ;re.no ecrrors due td
coastal effects, then vith loop antennas at distances t> 110 km (60
nautical miles) tae mean error of direction finding is approximately
29 for th2 daytin2 and for night observations. At a distance to 200
ke and during the propagation of the wavzs above sea 3f 900/0

observations hava an error not more than 292, but maximum z2rror

reaches approximately 49,

During radiowave propagation in dry land, the averaj2 diurnal
accuracy 5f direction finding into 2° is obtained at a distance to

40~100 ku da2pendiay on the wvavelength, power of transaitter and

character of soil.

With the lir2ction finding of aircraft by the framewd>rk from the
earth/ground on the generally accepted for this purposs wave A = 900

m errors lue to aight effects for distances to 150 km it lie/rests

-

Léﬂm‘m‘mmmmg sibesdnbuddtodis
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within the permissible limits.

; 4

2
fied

If on shortar waves, on the order of 400-600 m, the'fluctuations

)
i

.Lq,_._.ﬂ
3
s

of bearinis in nijht hours reach to #+909, then with the 2longation of

PR
.J'.'E%ﬂ

777 the wave of the fluctuation of bearings decrease and on wave 10000 m

T 777777 36 not exceed 30°. At large distances (more than 2000. km) night _

—rgmn
o

errors deczrease. The reason for this consists in the fact that the

.-—-s; —— L

4T

Wwave reflected comes to directicn finder at very small anjle to the

¥
T

horizon. In this zase,, as can be seen from (6.2), error with the

direction finding of an abnormal-polarizsi field falls.

?L-E'"'; o

Page 331,

PSRN

In mountainois country the night effects begin to ba developed

earlier than in plains, which is explained by mon=2 rapid ¢eakening of

terrestrial wave. :

If is placed the problem to carry out direction finiing mainly
into daytime hours or the 24-hour confident direction finiing at gy
small distances (to 150-180 km on sea or to 40-50 km on dry land), ”?‘

then it is possible to use frame radio direction finders.

Por the dira:ction finding, free froa polarizational srrors, are .

applied predominantly the goniometric systems with tha spaced

Y Y
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antennas, assembled according to the diajram of U-shap2l syster or

s s Tl A TR TR
'?P LMl e

g

&

according to the iiagrawm of transformer system, and also phase radio

direction finders.

2l

40

N ? e o "g:,' T

~-Direction ‘finding on short waves (1.5-30-MHZ)w - - - - - -

b BN
©

SRt

R g
PR

distance of th2 oriented transmitter, the wavelength and upper-air
conditions. For the varied conditions of direction finding, it is
expedient to apply the different antenna systems of radios direction

finders.

-e-

At siort 1istances (to 20~250 km depending on the wvavelength,
povwer of transamitter and ground conductivity) the direction finder
approacnes one terrestrial normally-polarized wave. Erccoc~-free
direction €indiny of short waves it is possible to carry out,
applying any antenna systems (framework, the spaced antsaiias, he
diverse framework). It is mcst expedient in these distances to apply

frame antenna system.

From the ioad>sphere the wave reflected can appear 2ither at

certair distance, after will virtually disappear terrestrial wave or

The conditions of the direction finding of short wavas depend on
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when terrastrial wave still it does not decrease so, so that it would
be possible it not to consider. In the first case tharz is a dead
spot, in the saci>nd case will appear the section where simultaneously

there are terrestrial and reflected wavess

The limits of dead spot for any wave depend on timas >f days and
year, on the powver of transmitter and parameters of soil. The greater
the ground conductivity, the further is propagated the terrestrial

wave and is less dead spot.
Page 332.

In 12ad spot bhoth reception/procedure and the direction finding
are unreliable. There can exist only diffuse reflections with
direction finding of which are obtained the inaccurate bearings of
the changing value, any in no way is obtained bearing. Ia dead spot,
all antenna syst2as are equally unreliable, since the liraction of
the arrival of th2 scattered ray/beams has usually no ra2lation to

real direction ia radio station.

At tnose listances where there is terrestrial and sky wave and
where sky vwave composes only several percentages from tarcestrial

wave, and consequently, there are no polarizational erctors, it is

possible to utilize any systenm, includiny simplest - fran2, At large
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distances, wh2re sky wave grow/rises, it is necessary to apply the

antenna system, free from polarizaticnal errors.

When selectiig by the antenna of system, free from polarization
errors, oie shoull proceed from the fact that at abrupt/steep angles
of incidence (B » 60-659) the quality of the work of systam with the
spaced aptennas considerably deteriorates. This is explained to the
facts that relationship/ratio bec.seen tihe vertical and hotizontal
components of elactric field, proportionil cos? g, decr2ases in

comparison with propagation alonyg the horizon/level:

-——nﬁ{l)ﬁ_—_ﬁf)" cos*3=0,20 (yxy/uﬁqchuc B 4 pasa),
—npH 3==80° cos’p==0,03 (yxyaimcnue Gonce ucm
> 8 30 pa3),

Key: (1). with. (2}« deterioration 4 times. (3). deterioration is

more than 30 times.

This defici2acy/lack, as vwe see that does not have any the
system with the diverse framework, since the reception/pricedure
vertical componeat this systew does not depend on B, but the
reception/procaducr2 of the horizontal component of electric field is
proportional to ¢35 B. As a result of this, the relatioasnip/ratio
between voltaje/stresses from horizontal cowmponent and from vertical

component elactric field Adecreases with an increase in th2 angle of
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incidenca. Only waere the angle of incidence lie/rests within limits
approximately 0-u45%, one should apply system with the spaced
antennas. This corresponds to distances from transmittar, to high
approximately 400 ka. At the distances where this angl2 canges from
45 to 60-65° (raajes 400-600 km), a system with the diverse framework
has small alvantajes onver the system with the spaced antennas and
finally at angles of incidence 60-65° to 90° {(range t> U000 km) must

be appliel system with the diverse frameworke.

Page 333,

Ona2 should 2aphasize that system with the diverse framework it
is expedient to apply only in thosc distances where it aas explicit
advantages on accuaracy in comparison with system with the spaced

antennas, since system with the diverse framework is l2s5 sensitive

and bulkizr.

From Fig. 6.26, which represents the dependence of distance from
angle of incidence for reflections from layers E, Fq anl F,, it is
possible to establish/install for the specific conditions of
propagatisn thos2 ranges at which it is 2xpedient to use >ne or the
other antanna system in the radio direction finders of short waves.

The indicated in figure ranges are some average.
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In night noucrs the relationship/ratio between the vertical and
horizontal components of electric field deteriorates in comparison
with daytime hours. Therefore, as a rule, at night polarizational
errors appear mor2 powerful than in the daytime, and also increase

lateral divergences.
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separated ant2nnas have approximately identical accuracy.
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i At taie very large distances, close to antipodes, the direction §
I finding becomes impossible. Or the system, free from pdlarizational 3

errors which only and it is possible to use here are observed the

ey e —

changing in time readings. This is explained to the facts that from

1t by

the num2rous eaission/radiations, passed approximately equidistances
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of direction findar, most intense prove to be the electronagnatic
vibrations, passed, although somewhat longeyr patu, cocrr2sponds to

this direction, waich is changed in the course of twenty~-four hours.

Sinca the vparating errors of radio direction finder to a
considerable degree depend on the susceptibility of ralis direction
finder to polarizational errors, the problem of a decreas2 in the
standard polarizational error is extremely urgent. Simultaneously
witl. this stands the problem of a decrease in the errors lue to
lateral divergenc2s and interference. For an increasz in the accuracy
of direction findiny where this is attained, one should apply antenna
system with th2 large separation of antennas or utilize several
diverse radio dirsction finders (2-3) for the direction finding of
just ona transmitter. Direction finders must be spreal up to the
distancs, greater than 200-300 m, Furthermore that in this way are
averagel a2rrors with divrection finding, it is possible aczording to
the character of readinys on separate equipment/devicas aid by a
differenc2 in th2 readings to judge the conditions of lirection
finding and the raliability of bearings. It is very usafual to
available in simultaneously working radio direction finlers different
external systems - with the spaced antennas and the divecse
framework. Tha2dratically mean errotr must with this Jdirection-findiny

)
method vary in proportion to o where n - a number is

simultanz2ous o5f wirking idenptical radio direction finders.
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Direction finding on ultra short waves {(30-300 MHZ).

At tiese fr2juencies the direction finding is realizzd on
terrestrial wave. The direction finding of utilized dol. of the radio
communication of the scattered from the ionosphere ani th2
troposphere waves is very difficult. The range of transaitter depends
on the height/altitude of the antenna location of transmitter and

rTeceiver.

Page 335.

At the smill heijat/altitudes of the lccation of the transmitting
antenna, the strenqgth of field fronm the vertical wira antanna is more
than from horizontal, since the horizontal component of electric
field rapidly att2nuates at the earth/qround; at the hija altitude of
the location of the *transmitting antenna vice versa. Thas, at these

frequencies are possible the waves of any polarization.

Within the limits of the city vwhere there are many structures,

and also in bcoken ground to receiving antenna, comes th2 resulting

st ol ot B Lt koo Re e i i L
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field from the transmitting antenna and from the reflactiag
object/sub jects. lPherefore the direction of arrival and the
polarization of wave can be connacted with direction 211 »>o0larization
of the transmitting antenna. The inequalities of soil cause anp
increase in the absorption and a decrease in the transaission
distancs. At distances, large of direct/straight visibility, is

developed the effect of the troposvhere.

On ultra shoart waves are predominantly applied the radio
direction finders with rotatable loop or rotary pair >f aatennas
either grzater base radio direction finders withCLQ~Luu or
line-source antenna by system from the sSpaced antennas. Sometimes in
the rotary pair >f antennas, is provided for the possibility of a
change ir the oriantation of antenras for ths receptiosn/procedure of

the field of vertical and horizontal polarization.

In by an ant2nna to system with motionless antennas are utiliczeid
the following principles of the reading of the bearin3y: tdo-channel,
phase wi:h the cy2lic measurement of phase in high frejuanecy, with
scanning of acute/sharp directional characteristic, 2tc. #hen
selectins by the antenna of system it is necessary to consider that
with an increase in the separation of antennas decreasas the
influenc: of 2avironment, which very is substantial for the radio

direction finders, working on ultra short waves.
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Chapter 7.
CALCULATI)DN OF ANTENNA SYSTEMS OF RADIC DIRECTION FINDERS.
7ule Praliminary zconsiderations.

Page 336.

Tha “undiansatal charactecistics of tadio direction finder arve

its accuracy and sensitivity.

Accuracy is letermined by the averaje uvuadratic {(sr avarage
arithmetic) valuz of the random anqular error of radio iicection
finder. Tae cormpdi1ents of the random angilar operatiny ercor of radio
direction finder are examined in §42.4, 4.1-4.12, 5.3, 6.1-6.5 and
11.1. Ip the desijn 2f radio direction finder, after acz selected tha2
principle of direstion finding, the mwethod of the reiliay >f bearing

and the used antaina system, is designed or is rata/astimitadi each
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5

componetit errar 11d is determined the total randoa erca>r 2f radio

dirsction finier.

Th2 sensitivity 2f radio direction finder is measar2l by the
strength of fiell, which is required for providing ta2 assignad
subjestiva arcor 3f the reading Df bearing. last/latter it causes tha
required for the reading of bearing sense of the voltaje/stresses of
signai and noise >n the input of receiving indicator. Pids,
sensitivity - this is that minimum strengyth of field with which is
obtained th2 a2c23sary sense >f the voltage/stresses o9f signal and

noise on the input of receiving indicator.

As it is shoan into §2.5, the sensitivity of raii> lirection
finder is improv2l with a decrease in the factor of nosis2 N of the
input part of reca2ption indicator, a decrease in its passsand and
with grooth ir the product Dn, whare D is a dicr2ctive jain of

antenna, n— the 2fficiency of antenna feeder circuit.

Page 337.

After raplaciny D by its expression {see §2.5) and aftar considering
that ="M dhere Na— radiation =fficiency, Ne— the

efficiency of th2 feeder, which connects antenna wita th2 input of

receiviny indicator, let us explain that for an improvament in th2
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sensitivity it is necessary to> increase the parameter by the antenna
of the systen
H?
Ba=gp; ne.
vhere H, and R,— effective height and effective resistance by the

antenna o5f system.

. With the aulitory methcd of the reading of bearinjy on the
minimum for an indrovement in the sensitivity, it is necessary to
also attain an increase in the slope/transconductanc2 >f the
differential characteristic of directivity at zero. An increase in
tﬁis slopa/transconductance is required also with other mv2thods of

reading (sum-and-iifference, with modulation on input, otc.).

Factor of nd>ise N depends on the transmission gain fcom antenna
on the input >f raception indicator. Taking into account the small
differenc2 of the optimum factor of nois» and noise fast>: with the
naximhm transaission gain of input circuits of receiving indicator,
initial calculatian of input circuit we produce, on th2 dasis of the
condition of abtaining the maximum of the transmission of
voltage/stress (33}7.3-7.10). Subsequently noise factor, it can bhe

checked aad th2 co>rresponding values are corrected (§ 7.2).

Duriag the zalculation of input device, it is n2c2ssiry to als>



DOC = 77223217 PAGE A4~

A

consider the caniitions of the tuning of input circuits of receiving
indicator. In tho majority of contemporary receivers, tae tuning of
input ciccuits i3 united with the tuning of all remainiay circuits of
receiver. Therafsce the detuning of the first duct of receiver under
the effect of antanna coupling systeﬁ must not be gr2at, shich limits
the ocermissibla ciymmunication/connection of input circuit with

antenna systen.

Por an increase in the parameter by the antenna >f systes B, it

: H3
is necessary to osbtain a maximally possible value for Ef and for =
'3
aﬁxiuum 2} tiey reach by the appropriata selectidza >t

size/lim2nsions 11d constructions of separate antennas anl by entire
antenna of system (by the appropriate selection of tha turn number of
the framewvork, by the correct selection of diameter ani
height/altitudes >f separate vibrators and constructisa nade >f
groundinys, by ta2 selection of‘separation and numbers of antennas of

system, etc.).
Page 338.

The efficiency of fea2der me will be the greater, the a2acer to one
KBV of fe2dar. Bjsality KBV = 1 corresponds to the condition of the
matched load, vhen load impedance is equal to the wave izpedance of

feeder. It shoull be noted that when KBV = 1 considerably is
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facilitat2d the dasign of the input part of the receivinj- indicator,
since in this casa it is easy to compensate for reaction by the
aw-8nna of systems to inclined input circuit and to obtaii the optimum
value of nois2 factor on all working frejuency band. In §%.12 shown,
that when KBV = 1, the possible dissimilarity of the paraaeters of
high-frequency cables is led to minimum instrument eccocs. Is
explained this t> the facts that when KBV = 1 there are a> resonancas

in antenna fea2isr system and the dissimilarity of cell/el2ments and

the possible asymaetry of antennas is not created lac3j2 =2crors.

Thus, are obvious the positive qualities of the ajr22ment of the
loads of the high-frejuency cables, which connect antennas to
raceiviny indizatsc, with the wave impedance of cable. This is
especially expediant, when antenna system is arrange/licated at a

great distance, ajual to several wavelengths.

Thar2fora luciny the design of antenna feeder system, it is
necessary to examine the possibility of the selection >f such
vconstru:tion of antennas during which is provided in all working
fregquency band antenna matching and feedar. For this, as is known,
are appliad larga-diameter vertical wire antennas (with saall
w2 will use vacrtisal vire antennas with the thrown in cell/elements L
and ? (§3.1) and >f the diagram of the compensation €>r tie reactance

of vibratsrs with the aid of the concentrated cell/elemants or the
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cuts of long lina and, etc.

When it is nd>t represented possible to achieve agreament by the
selection of construction or antenna circuits, sometizzs between
feeder anl loal, connect the special adabters. serving for the
transformation of the impedance of antenna into the 3ffactive
rosistancs, equal to the wvave impedancé of feeder. Finally, if the
switching on of the cell/elements of agraement is impossible or it is

inexpsdiant, is applied the mismatched antenna feeder systenm.
Page J339.

In this case it i3 dlesirable not to have resonances in system in
vorking frequency band and to obtain KBV of feeders as cl>se as
possible to unity.‘Souetiles in antenna feeder system it is necessary
to svitch on supplementary effectivé resistance in oriar to decrease

the manifastation of cesonances, if cannot be avoided them.

Proa that wvalch wvas presented it follows that ace possible thres
versions of the calculation of antenna faeder system 223 the input

device of the roc3iver of the radio direction finder:

1« Direzt coinection of feeders to the mismatched with feeders

loads (antennas) and obtaining maximum attainable in the working
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frequency hand of the transmission factor and sensitivity. In this
case, it 1s necessary to consider the effect of the reicztion of the
resistor/resistanze of antenna feeder system for the tuning of input
circuit; must be accepted measures to tha limitation 7€ fistrument
errors 1u2 to th2 possible dissimilarity of the cell/elea2nts of

system and asymmetry of separate antennas. Calculations are given

into §€7. 3-70 8.

2. Aoplicatian/use of cell/elements of agreamant batseesn antenna
and feeder. Matcaing device is necessary to select, taking into
account the lav of change with the frequancy of load ispzlance. To
usually previously s>lve the juestion concerning the aidvisability of
applyiny the adapters of the agreement of loads is nd>t raoresented

possible, This qua2stion is solved as a result of the corraspending

calculations.

3. Sometines is possible impedance matching of znte211a with
feeder without application/use of supplementary cell/elema2nts. This
corresponds to the use of wide~-range vibrators (§3.1). Ta2
advisability of making one or the other decision must ba letecmined

as a resul+ of design.

Ja2e Co2ffizi2nt >f the noise of input circuit,
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The majority of diagrams exasined b2low of input cirzuits can bhe

given to the commd>n equivalent diagram, presented in Fij. 7. 1.

B ittt i b, o Besiads et tbitaasil 5 kel

L

Let us designate:

Xao Ry— the jet/reactive and effective resistanc2 of antanna

{(converral ¢to th2 input of receiver);

L,, %, are irductance and the effective resistanc2 of coupling
€ ,

coil;

Page 340.

‘Cpy Lo R, ate capacitance/capacity, the inductanz2 i1ni the

effective resistaice of resonant circuit:

R,— aoise lawrp resistance;

fa I . b § e g )
it et B e et o o ) bl e Bl ksl nabiin & wrnt] it i-m-n‘x|n.b.,mhhéjlilﬂnﬁs.r.m\uuﬁil'i'm}:uimildnﬂh{ﬁ

K - the coupling coefficient of the coils of duct a1al

communization/contectiona
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Let us find the resistor/resistances, introducel by primary

circuit in seconiarcy:

WM

AX='—_?r(xn'*‘xn):"‘n'(xl"'xl)l (7'1)
i

AR=9.Z'—A14'(Rn 4 R) = n* (R, +R,), (7.2)
i

whore

2= l/(’\’n"‘ XY 4 Ra4-R)5 Xy=ol,; n= Q“L%T'I'— .

For reductisy let us introduce the designations

oL, — g = 1 (Ko X)== X',
4KTB =P,

If one i1ssun2s that the sole noise source is anta2ana resistance,
then the square of the effective value of noise voltajya i1 secondary

duct will be

F2 =Pon'an

“uis

and the sgyuare 5f noise voltage on the tarminal/qrippars >f the duct

2 F"ﬁla ] . Pyi1*Ry |

ma = sy T 1 At

(XD + (R + BRI WICT  (X')  (Ry -+ AR)? @C)
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Fige 7.%7. Egquivalant diagram of input circuit.

Page 341,

If w2 coasilar the action of all noise sources, then the square
of complete nois2 voltayge on the grid of the first tub2 will be

expressed by

2 —— P. (n’Ra +".R| + Rg) _ 7 3
1t l(x ).+(R|+AR).JW’C2 -* P Rﬂ ( . )
Henc2 we Jeta3cmine noise factor:
_un [(X")2 + (R, + 8R)Y wc’
Umn =1 + +II'R +Ra nR,
(7.4)

Let us eximiie the case, when noise lamp resistance is very

small, so that last/latter term in expression for a 13is2 factor can

be disreyaried,
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The factor >f the noise of Budde then 1s equal to

N=i4-R14 (7.5)

From this expression it is evident that for a dacra2ase in the
noise factor it is necessary, as far as possible, to incr2ase n. This
can bhe reached by an increase in the coupling coefficient K and by
the appropriate s2lection of valu2 L,. H2nce it follows taat K nmust
be select2d by as large, as this is possible structurally. As
concerns th2 inductance of coupliny coil, then with its increase
change both numerator and the denominator of expression E>r n.
Furthermore, duriag practical fulfillment simultaneously with loading
in the coupling c2il increases its effective resistanzz2. Usually it
is possille to c>i1sider that the coil ¢ of communication/zonnaction

has constant valu2 Q4:

= B
Ry=4-

Taking ints account these facts, we will find the most

advantageous valu2 L,. For this purvose, let us write the

expanded/scarned axpression for n2:

. @tXL L,
- 5 L| 1
(Xs + oLyt +(R. + ,Q_.)

let us substitute it into formula (7.5):

L \*
(Xu + L)+ (R. + 9——)
N1 2k B bl

QR ' Ra WKL, 1,

T T TR IO vy

e e L s s e kb e i o gl L e

. |
L Ty TR



X
R 3
b poc = 77223217 PAGE 33~
33
3
f . Page 342. e
5
By Sweopina !.13 expression, disregarding small tert (wl,)/0,)2 and %
; banking tarms with identical degrees wL,, we will obtain
A
‘!1.* N1 R fofXe 1)1 —'
B T UKL [T\RCTR 3
o Ko\ 1 1 Ki4R2
¢ i n! an(1+‘al7e;' wton R | (7.6) 2
.-‘! ,
Tha2 aninisum >f anoise factor is obtained, when 2

Y
N RE -
(wLy)ons = RO 5 4] (7.7 %
KoL, = yRQ, + Q)" X :
] !+ QnR. ! ' “'

b |
vhere
P EEa— L e
a=VR+X: a=%
fhe substitution of this value oli=wlions in (7.6) gives k>
the minimum valua of factor of the noise ;

cu
1 .’(& 1\ 21/ B+ Q)
N""““I_I_K’O. l R.+Q|l+7'?; o T (7.8) i
From last/latter formula it is evideant that the 2Zdupling -
coefficient must be undertaken maximum (this noted earli2c thanj.
Furthermore, it i3 necessary to ensure the maximum energy factor Q, ;
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1 of resopant ciccuit and quality @, of coupling coil, altadugh the

latter affects th2 value of noise factor considerably weaker than th2

energy factor of resonant circuit and coupling coeffiziant,

o If we by a designate the relation
i "U — L'.nnr
a-—=: =
. then noise 1.ctor can be represented in the forn
'f o1 (B ) /KR (1))
N=l+ g2 (Rta ) Ha Y o2 (et 2)) =
L Za KiQ, Qi (a—1n
s =N -+ Ry "'i)"Qli‘Q‘| !”_(.“)‘ ' (7.9)
i Page 343. =
0
]’ p
Last/latter formula makes 1t possible to rate/estimite the 5
effect of a diffa2zence in the inductance of coupling coil from §
optimum value on the value of noise factor. E
Let U3 examine the application/use 2f the obtaia2d frrmulas to
’ diffarent typ2 antennas, by the differing character of rzactance. E
5
1. R2actanc2 of antenna we have indactive charactar (.ramework). ?
X.=u)L., 5!
¢ (ol + R3Q o

(“’Ll)nnr = (7 10)

VK@ +Q
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Formula (7.10) shows that th2 inductancz of coupliny ©52il must

be less than the inductance of the framework.

Accorling t> formula (7.8), disregarding value 1/, in
comparison with ;%::Qh we will obtain for a miniaum factor of

the noise
Nmuu=1+l“2-‘,%‘ {1+VK x o Z.11)

On Fig. 7.2, is represented the graph/diagram of tha dependence

K%,

NM un on Q.

for the case when Q,=Q,.

2. R2actanc2 of antenna is equal to zero. The optimum inductance

of coupling coil and miniwum noise factor will be

(@Ly)ons = —jgm===x\ (7.12)
YR
Nusw=1+ g V52 +1. (7.13)

Page 344,
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3. Rsactanc2 of antenna has capatitive charactec. Disregarding
the effective rasistance of antenna, we will obtain optiaunm

inductance of coupling coil from

L=t V pgea (7.14)

This expression determines the optimum tuning 9f th2 antenna

((D L Cu)ullr - V’\’Q. + QI (7.15)

Minimum noisa2 factor will be
Ny = 1+4- :,%1 l] + /K:L'QT‘Q—'—J (7.16)

From exprassion (7.15) it is evident that the rasdsniacs
frequancy the ant2nna of circuit in this case must be higher than

operating frequency.

The ohtained formulas make it possisle to calculatzs the
cell/elements of input circuit of receiving indicator, if is known
antenna resistanc2 at the input of receiving inpdicator a1l it is
possibtls to disrzjard the noise resistor/resistance of input times
Since antanna resistance does not remain constant over a wide ranyge
of freyuencies, taie formulas of present parajraph can b2 ipplied only

for the calculatiosn 2f the cell/elements of input with nacrow

J .
bemewbt b 2

G

T

awlbsld

gl
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2
frequerncy band «12n antenna resistance can ve considered soustant,
and also for a compacison at the various frequencies >f taie oaperatiny
ranya of minimum coerficient of noise with coefficient 2f noise,
obtained as a result of the cvalculations, given in tas sudsequent
paragraphs, Thes2 calculations are carried out on the basis of the

requirement for odtaining the maximum transmission factor of input

circuit.
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bl b g E

7. 3. Calculation 2f the effectiveness of spiral loop.

e s s

Simplest diagram of the framework is shown in Fiz. 7. 3.

The framework, which has the operating inductanca L, and
effective resistaace Ry, is tuncd with the aid of conizasar/capacitor

Ce If we, l2signate 2nf, induced within the framework, oay E, than }
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with resonance, when

l
WLy,

current /,, in th2 duct of the framework is equal to

vcltige oa coyndenser/capacitor, supplied to the gril of the

first tuba, will be

_ Tpen__ o - q-
U |.o:|—’;;(%'-—~6—c°’z. (r.17)

Ratio> 1/wCRy = wlga/Rg = Q is the quality of the fraim2work. Thus,

for the transmission gain the simple spiral loop we will obtain

b= I =, (7.18)

The effectivenass of spiral loopy ie.e., the ratio of 3ril voltage of
the first tub2 Ue e to the strength of field E will be

pB::ng“i':/l"Q:;?!‘fN"Q M, (v.19)

where $ is5 an ar21 of the framework, m2;

A - wavelength, m;

N,-- turn number.
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Fig. 7.3. Circuit diagram of spiral loop.

Page 3Lo.

In tne balaazed network of the switching on of th2 framework
(Fige 7.4) on tha 3grid of tube falls only the half of the voltage,
vhich is received on condenser/capacitor. Consequantly, 2ffecti eness
will be

I

It sao0ull ndt he supposed that the effectiveness >f the balanced
network is two times lower than asymuetric one. The fact is that Ry
in the jiven abav2 formulas one should understand as effa2>tive
resistance, equivalent to all losses in framework anl ta2 connected
with it zircuits, including resistor/resistance, equivalent to losses
in the circuit of the grid of tube. With the balanced na2tsork of the

inclusion this conponent/term of resistor/resistance 1acra2ases 4

g it

B

|
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times, which leads to an increase in the factor of rasj>aaace and,

therefore, =ffectiveness.

If n2cessary to overlap wide frequency band is passiosle the
application/use of the subdivided framework. Transition from one
partial ranje on another is realized by switching on of tae larger or
smaller tarn numbar of the framework. Th2 inoperativa (ille) turns >¢
the franmework remain in this case extended oo are closzi short. A
deficiency/lack in this method lies in the fact that the presence of
dead tucns can cauSe the asymmetry of th2 framework, taacz2fore, an
increasa in the2 antenna effect. Furthermore, the presepca cf dead
turns leals to an increase in the attenuation, i.e., t2 1 fall in

quality and effectiveness of the framework,

Anotier m2th>d of the overlap of wide wave band consists of the
application/use of diagrams of shorteniny (Fig. 7.4a) anl of the
elongation of th2 wave of the framework (Pig. 7.4b). In tae diagram
of shortening in parallel to the framework is included th2

self~-inductor L,.

SEEL

aleadt ot

otk

s i dese

i
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Lo c
a) L4

Fig. 7.4. Diagrams of the wave band of the framework: a) shortening;

b) elongation.

Page 347.

The resulting inductance therefore decreases and the framavork is
tuned to shorter wave. Eaguivalent diagram for the calzulation of
effectiveness in the case of the shortening of the wave of the
framevwork is shown in Fige 7.5. Let us dasignate imp21iaz2 betwvween

points a and b (t> the right of them) by Zu

‘ T R R R R T ST :
et It ok v 65 e P it e izt e b e sttt i, ol vl b o it v st alb ek ol

_ Pufel,
zub~—- ’_ﬁ——ﬁ—' D’L“r +:Im . .

Voltage across capacitor [, will be equal

y — Znh
Ue=E Zap +'Re - [0l =

— e E R+ /“éu) _
TR(I—0I L O)YFR, (i@ L L) Fjo(Ly + Ly +KsR,C—w'L,L,C)

.
laler o et i e s el SRRk s 28 i e v R 3 L 05 oo AT RSl
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Voltage acrys3s capacitor maximum, when the imaginary part of the
denominator is turned into zero. Uisregarding low valuz RuReC

in comparison witiy the otheis, resonance condition we will obtain i

the form
— PR 7 VAN 7
== —LTI::Z‘ = L,C.' ( .20)
' LuL, . . .
where l,==lu+[:-the inductance, which consists of taa

parallel-connect2i inductance of the framework and shortening coil.
After supplying this condition in expression for U, and

disregarding R, in comparison with oLk in numerats>c, 1let us find

voltage across capacitor at the resonance:

L
Us ,:.,zzs-——“il;—- =EQ. (7.21)
R.+2%R..
]

In formula {7.21) Q' i3 an eguivalent eneryy factor of Juszt. It is

¥ P TErS DT = T HEHT £ SR R SR S L T S o070 R TIEH
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obvious tnat Q' are less than Qe

Th2 transmissior yain of the framewdork is equal to

— — 1 Q
ky=Q =Q R " Lo’ (7.22)
L+Z§f L«

where Q,—th=2 quality of the shortening zoil.

Lo Re [}

=¥ br ¢ U

T
)

Fig. 7.5. Equivalant diagram of the framework with shorteasning.

Page 348,

Effectiveness p, is equal to
Pa=N.Q’.

In tne cas2 >f the elongation of the wave of thz framework (Figj.
744b) can ba witaout change used formula (7.18) of the transamission
gain. One should only consider that hearth R, here is iapiied the

total resistance >f the framework and coil. Although the transmission

gain is obtained nuch the same, as for circuit Fiy. 7.3, in this case

[

[

St i

O RN | B L L T R

aia o b
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ef fectiveness is obtained lower, since the turn number 2f the
framework is taken smaller than this would pbe possibly iacing
application/us2 51 the same wave of the diagram of adjust2d framework

without elongacion.

Let us rnause at tlie gquestion concerning the salacti>n of the
fundamental paraza2ters of the framework - its diameter (or side) and
turn numbars. From the viewpoint of obtaining the gyreatest
effectiveness to favorakbly make the linear dimensions 3f the
framework larg2st possible. Therefore them one should seiact by as
large, as this allow practical considerations - convaiiaaze in the
arrangement/p2arzutation and rotation. With the assigned linear
dimensions of the framework for a work on one fixed/racorled wave, it
is possible to fit most advantageous turn number, Tha axistance of
optimum for a turn number is determined by the facts that the
effective height >f the framework with an increase ii ta2 turn number
grow/rises, and tae transmission gain beginning with certain turn

number  1lls as a result of a sharp incidence/drop ia jyaality [7.1]1.

Vicvtually aleays problem of work with one framework in certain
frequency hand. In that case the turn number of the franavork is
determinzl by its inductance which is assigned by capacitance value
of alterrating/vacriable condenser/capacitor and by th2 sa2lected

diagram of input circuit. It should be noted that the frawvework and

\
Y] idgkﬁ

pyen

ald.

[ T AR
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[ TI.
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espacially the wires, which connect the framework vwith r2ceiver,
possess a comparatively great capacity. Because of this maximum
capacitance of alternating/variable capacitor is raquir2i greater

than for the overlap of the same wave bhand in usual ducts.
If nacesssary to overlap wide frequency band vhen it is required
to relate the framework of receiver. expadient to use tha diagram of

inductive coupliij with the unadijusted framevork.

Page 3uL9,

on the calculatisr of this diagram, is reduced also the zilculation

of frame system from gyoniometer. This calculations ar2 jiven into

§7.4,

Tol4. Calculation 2f the effectiveness of the framework with inductiva

coupling.

nadjustel framewdrk with inductive coupling.

In tiis zas2 (Figs. 7.6), disregarding the effect of the

T - e il T S | M e L)

£

o it 1> i i il e AR b b L ot sy i Mﬁmlﬂﬂﬁmmtmﬁmmmanﬂmﬂﬂhm&

FRE: THNT Py
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I self-capacitance >f the framework, its impedance we will obtain in

the form

Z, =Ry~ R, - jw(Ly+L,).

Circuital current of the framework is egual to

/

— . E _
VTRV R A Je Ty LY

Th= introduc2d iito secondary duct resistor/resistince is equal

lMl WM
AZ,= mz. =R F R F Ly L Lt [(Ro+R,) —
- jll) (LO +L|)]|

vhere M is the mutual inductance of the lucts of the fcarxzwdrk and

input {secondary):
M=K /{L,F+L) L.,

Total imp2dance >f secondary circuit is equal

, e @13 (Ry - R))
Za '—ZI + AZ. — R: I-(R. + R))? 'i'__‘-"' EE. + Ll)’+
: 1 w' (Ly+ L)) M 1
i [“’L’ T el T R+ RV R Lo L

\ o P ‘ o .
Libilep i ata an‘m.smmm-_w-nmmmmmmmgmmmmmmkmﬂ&%ﬂmm&w&mmmmuW:%Mmﬂﬁ&%ﬂﬁMmmm

3
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Lo
R
M
R,
L ! U
Ry Ly [ ‘

Figs 7.6. Circuits of the switching on of the framework #ith

inductive coiupling.

Page 350.

In the presence of resonance the imaginary part of this

expression is turied into zero:

.__L_~“"_;9‘M.4-Lnnn .
ol, Wy (Ry+ R+ wi(Ly £ L) =0.

Since Rg + 2, usually is considerably less than 4(Ly + Lg), in

the denominator of last/latter term it is possible to 3isregard first

term. Then we will obtain the approximate resonance condition
. Al 1
(b~ 1) ~ar, =0
We see that the effect of the core zircuit, equivalazat to a

decrease in the inductance of secondary, by value

M e g Laber
AL’_E'}'LI_I\L’—K"Lo‘f'LI’

3

g

ol bt il Sl B b

.t
il

;
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where Ly,,— the part of coil L, connested with L,,

M=K,y Le,L,.

Sinz2 this ziange does not depend on frequency 1, it easily can
be compznsatel for correspondiny increase in its own inductance of

the secondary duct 1,.

FOOTNOTE !, This is correct only neglecting of the
capacitance/capacity of the framework, i.e., wvhen A<Auu.

ENDFOOTNOTE.

The resistor/resisvance of secondary circuit in tha2 pra2sance of

Fesonance is egual

lpOl Ra+(L +L)|(R0+R Rl+

+ K} o (Rat-R).

puriny tha 3darivation of this formula, we also disrajyard member

(Rg + Ry)2 in comparison from w? (L, + L;)?.

el b

s 06 ] B v e B mik s, it ket i

,
I PTRNE R R I A VR
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Let as deteraine now voltage across capacitor in th2 presence of

the resonances

Ry T FTE
A i T e e i 11

i

) p— | _E_'__ _‘___ wr\f At _ -g
Uc pe3 = / 2y paawCy 2, v"““ (L, —_ I:_+—E) 1| = 3
wit Ly — 3
_ { ' le+ L,y £, L _é
Z'y pea (Re+ R+ Ju(le4 L) :;::
3
Again, disr2jarding (Rg + Ry)2 in comparison from a2(Ls + L) 2, 3
ve find *he amplitude of voltage across capacitor: é
M3 -E
uM(h~[—~)- :
+ L 3
Ug pea== T bl E,. (1.23) i
‘ [R' Tty Rt R.)] (Lo 4 L)
i
We hance finl the transwmission gain i
Uik
@Al (L. - L———-)
o+ Ly :
kﬂ = J”g . (7.24) !
an + Ty Ret R.)} Lo+ L1

We convert lLast/latter fotmula. Introducing desiqn&tion a =

L,/Lo and taking into account the equality .

i

!
'
i
i
.,A.Mud.ﬂ.xll BT T
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we will obtain

where 6,, 6, = cicruit damping of the framework and inpat.

Diff2rentiacing this expression on =z andrequalizimg zero ftor the
target/purpos2 of the deteruwination of maximum &k, we obtiin conmpleta
cubis equation r2latively a. Taking into account that ns2ar maximum
value &k, varies little, for simplification in the calzulation

alrnissibly to fini optimum value a, after placing in the last/latter

formula
)
26 Loy
1 !\l-'l—-{-_u- ~L,~z. 1.
Page 352,
It is really/actually
! 2 6 Lew
Koy g1
Under these assuaptions
[
Gy = “""‘,;"LT‘ (7.26)
W+ K4

and

PRT IR S

. ,
. ) o Loy y e a1 Wit ek . F - B ;.
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K
ko Maue = ,' I / ——t i X
, z+/\,a _.”‘_

(2~1\,)6,+1\’a [;l": —
X — I L (7.27)
:+’\ 3, “5"

on ¥ige 7.7, is given the graph/diagram of the ilepa2nience lc“,!,‘c
on K, at the lifferent values of the ratio 6,/6, and when L, =L,
From curv2/graph it i3 evideat that £ mare grow/rises almost
proportionally K; to the values K,, approximately ejual to 0, 5-0.6.

with a further increase K, an increase in the :ffectivensss occurs

slowly.

Lat us a2xamilile considecrations by choice of the pacamatars of th2
framework for the case of the unadjusted frumework. Fronm Eornmula
{7.27) it is evilant that Ry mane the unadjusted framawork

inversely proportional to square root of its inductance,

Tt is conzealed by shape, the effectiveness of system is

proportional to value

Page 3%3.
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Consaquently, the area of the framework it is advantaqgeous to

make largast possibile,

When selectiag turn number AN, one should consider that value L,

also depends on N, This dependence takes the following form:

I
F

3

:

w
&

. L,=A48N,4CN},

whera A, B and C - the coefficients, determined by siza2/iimensions

and the form of tie framevork.

N ) .
Valuz —%::: — ——— at small turn number grow/rises almost
Vi v/ A4 BN, +CN?

proportionally N,, and then with large N, it approazhes limit

tim (52) =y

e gt o

A considerable increase N, can lead to the fact that its own
wave of system will render/show within working wave baal, as a result .
of which appears a1onuniform effectiveness in range and th2 whole
series of complications during the use of the framewdr« i raidio
direction finlar, Furthermore, ih this case are not useld the deriveld

above formulas (since we are disragarded Cg,)e.

Id
L_.‘.m TR |
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Fig. 7.7. Dependence kuwexe on K, for a spiral loop sita inductive

communication/Zcoaazection.

Page 354,

Therefore they ar2 usually satisfied by achievement 90-952/0 of

limiting valuz , limiting at the same time its own save of the

Ly
Vie
framework (taking into account the capacitance/capacity 2f lead

vires) by value (J.5-0.:) Auun

The unadjust2d framework possesses somewhat smailar
effectiveness thaa inclined. T'he loss in the application/ise of
inductive couplinjy the greater, the higher the quality >f the

framework. On the other hand, the application/use of inductive
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;fr coupling provides the large uniformity of effectiveness daring band :
%ﬁ( selection of wavas and therefore it gives favorable results with the 4
ki | ;
N very vide wave band, which requires the large number >f switchings of K
ol 3
X partial ranges. &
5 | a4
| 2
bl B
fo - %

{ Goniometric syst2a with the locked framework.

3

Effectiveness goniometric uf system of two mutually

v perpendicular fraimework is equal to the 2ffectiveness >f -otatable

loop with the inductive coupling which has the same diagram of input b
as in goniometric system with the maximum commupicatior/z3nnection of §
the coils of gonismeter. On the basis of this on the calzulation of
goniometric of system with the {ramework are used the formulas,

derived for the calculation of the framework with injuctive coupling. ?

In the case 2f the work of yoniometric system in vary wide
frequency band, a-e applied the following methods of the realization
of switching partial frequency bands: complete switchiaj >f
goniometers (or tieir exchange) over partial ranges, switching the
sections of search coil, application/use of diagrams 2f 2longation
and shorta2ning f£>r search coil and the application/use of

intermediate untuned circuit.

T A % e G e s S T i R M i A st g s i =il
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Switsling goiiomaters over partial frequency bands is the best
method frem purely electrical point of view. However, this method is
bulky and very coaplicates mounting. Switching the sections of search
coil of goniometer is applied very rarely, since it is extremely
difficult to carcy out this switching during fulfillinjy o°f all
requirements in tie relation to the symmetry of diagram and

winding/co>il, in the absence of spurious coupling ani sazallness of

octant zrror of joniometer.

The us2 of a circuit of elongation and shortening of search coil

is most widely used.

Page 355.

For the calculatian of the circuit of elongation, ares dic2ctly used

formulas {7.25) a1d (7.27) of present paragrapha

Let us give the calculation of the diagram of shortaning,
presented in Figs 7.8a. In accordance w#ith the alrealy usa2d

previously methol let us find equivalent emf and coupled impedance in

the circuit of search coil:

M Ms
E,=E, Ly sz:m [Ro—+ Ry — Jw (Lo~ L))}

| . ot nyy
it e ek Yt ki SR o di o b

Ak

1
e A T i ik oo il o e e 25 v e ot i LR B e ot i B m&-d-ﬂ.mmwmﬂi S & e BB,

PP PR 4.3 TN

it et .

PRt
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b 3
b : .
L Let us desijiate the changed due to coupled impedancas B
?‘i
ol parameters of seactch coil L', and R Then to Eucther
ﬂ calculation is subject diagram Fig. 7.8b. It is complataly similar to
" .
0 the diagram of th2 shortening of the framework. Por determining edge :
[
iy stress and a resonance condition, we utilize formulas (7.20) and =4
L (7.2Y, raplacing in them only the designations:
Lt
E -
. o ,“V/mnppi__l
.' je3 — LNL uC V.L(, ]
) wl'y M o]’y
Verea=E, L ‘Lot L e (7128
\i- Rn-*""i—i’ K Rl+_l:2‘—RN
M L'
Py=the w;, (7.29)
! R’u+ “2 Ry

In ti1is formaula are krown all values, with the exception L,
since they are determined by the calculation of that ranj2 on which =
shorting is abseat. Thus, the calculation of the diagram »>f
shortening is rediced to determination L'y, then L, ai1d to the

subsequant checking of effectiveness from formula (7.23).

360

Fig. 7.8. Diagran of yoniometer with shortening.
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Page 356,

Diagram wita intsrmediate untuned circuit (Fig. 7.9) it is
expedient to use, if it is necessary to decrease the r2astion of
frame duct to tha tuned circuit. 0On effectiveness it can be favorable
only with the very larye number of frequancy ranges. For its

calculation lat us find emf, induced in intermediate sirsuit:

Eyy=E _M Vil

VLo, =ERG T

The introduc2d into intermediate circuit resistic/casistance in
this case we 3iisr2gyard, since it is not inclined, and therefore the
effect of coupled impedance is small, Th2 maximum of 21t >ccurs when

Laows=L, and it is equal to

Riy 1/ To,

Enp Mul(c::E] 5 Ie

To further zcalculation it is possible to use the foraulas
(7.28)-(7.27) »f this paragraph, replacing in them Ly on L, The

transmission yain of system is determined by the formula
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-7 oy L
b Ky R SR, @~ K b+ K 1y
a Mane " gy L T
rn cn

4 +Ki2 2y + K7 o

Ll‘.l

XV - (7.30)

The affectivaness of diagram with intermediate circzuit is eygual

to the effectiven2ss of the diagram without intermediate zircuis,

multiplied by fgu In usual values K, =056+ 07 this

corresponis to a lecrease in the effectiveness 2-4 times,

i JE

ol

]
3
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Pige 7.9. Diagranm of goniometer with unaljusted intern2liate circuit.

Page 357.

If loop antenna is referred from receiver and is zoi1iected with
its input by lony fesder {for example, with the aid of coaxial cable
in ship radio diraction finder), then in the given cal-ulstions
instead of inductive reactance of framewdrk wlgy and of esf. E/A. will
enter those who ware converted due to those who are given below
formulas (7.38)~-(7.40) of resistor/resistance and emf >f the
framework. For a decrease in the manifestation of resonances
sometimas at the 2nd/lead of the feeder of receiver is connected
supplerentary effactive resistance in parallel to tha 12131 of feeder

or consecutivaly witic it [7.13].
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" 7.5. Calculation >f effective height and input antenna resistance of

system with a small separation of the vertical wire antenaas

{cosinusoidal dicsctional characteristic) .

Tha2 antenna

system in gquestion is either the rotary pair of

antennas or n of motionless antennae arrange/located in the

apex/vertexes of

correct n-corner iron.

\

Let us examine the possible ways of fﬁ%filling funiazental

requiresmants on tae calculation of by the antenna of systam -

obtaining minimum instrument errors and best sensitivity of radio

direction finder.

In §54.5 and 4.8 is given the
producel by the Jifferent types of
value of arrors and diffuseness of
is determined by the dissimilarity

currents in separate vertical wire

calculation of th2 arrors,

asymmetry. It was shown, that the
the minimum at diractis>n findiny
of amplitudes and phases of

antennas, and also> by the

dissimilarity of the geonetric dimensions of antennas and feeders.

The small disagreszmont of the parameters of separate ant=2anas and

b

i TR
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feeders near the resonance fregyuency of antenna-feedar system
produces tha shatp inequality of amplitudes and phases of currents
and, therefore, large errors and the diffuseness of th2 minimun.
Experimant shows that with the usual accuracy of the proiluction of
antenna feeder system it is possible to ensure the accaptable level
of errors, if th2 resonance frequencies of system differ from workers
by 10-150/0. Therefore resonance frequenzies are sel2ct21 so that
they woull lis/rast beyond range and would differ by the indicated

value from one of the extreme frequencies of the ranje.
Page 358.

Prom calculations it follows that the natural fregquzicy wa of
antenna f2eder ciccuit is expedient to take lower than smallest
frequencies of range wwm since in this case the effectivaness of
radio diraction finder changes in the range of frequencies less than
when selecting th2 natural frequency the circuit o, higha2r than
greatest frequanczy of range Wwmaxe: This is evident from Fig. 7.10 in
vhich are constructed for certain special case two curves the
dependencas of th2 effectiveness 52f radio direction finder on the
frequency when ®a' < Oy and @8> Onane. ‘pln tha first case the
effectiveness chaiges over range less., Furthermore, on short waves

vhen selecting natural frequency by the antenna of ciccuit higher

than frequencizs 2f operating cange the inductance of the field coil

M
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of goniomater can prove to he so insignificant that obtaining in the
goniometer of uniform magnetic field becomes difficultly attained. In
this case, alsd bagins to be developed the magnetic distortion of
jJoniometer as a rasult of the effect of the wires, whizh zonnect

field coils with feeders.

In wide-ranj2 radio direction finder sometimes it is necessary
to raetain the resonance frequencies of antenna feeder system within
the limits of the frequency band of:thearaﬁio direction finder. In
this case special importance has the careful adjustmant of systen on

the sections of the freguencies, close to resonance.

In order to decrease the manitfestation »f asymmatry iuring
approach/approxiaation to the resonance frequencies of antenna feeder
system, one should as far as possible to lover wave antaaza
resistanc2, eithar introduce attenuation into feeders or select entry

impedance of receiver, close to the wave impedance of fezier [7.7].
Earlier war2 obtained equivalent diagram (Pig. 3.33) and formula

for the calculation of the current of search coil of jonismeter

(372).
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Fig. 7.10. Effectiveness curves of radio dirsction finloar.,

Page 359.

If search coil of ygoniometer enters in the inclined jril c-ircuit of
the first tube of reception indicator and the capacitance/capacity of
tuning is designated by C. that for a grid voltage >f ths first tute
we will obtain

1
Un pea =~ In MaKc 55:"

whence yﬁa effectiveness of goniometric systam with a2 anta2nnaz2 will

be ;/
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Uf cN
pa —_= —~E-“~—_ =
/N
, oty | A
: == Mod YY)
: : WM

(Zro ok J0Lna) (""L' + 20t 7o T el

. (7.31)

vhere N = n/2 is a1 number of pairs of antennas;
Ho - effective height vapors of diametrically opposite antennas:

N . . ; . .
Lnazl‘nT - equivalent according to diagram inductaazs in anta2nna

circuit;
Ly is inductance of the field coil of goniometac;
Ly - the iuluctance of seacch coil of goniometer;

Zy - +nz 1dzd impedance of search coils

i A b B e B Sl o b S R i

My=K/ L[, 1is mutual inductance according co the diagras:

A’1’ == A'IMINO ]/»‘21;

el T e et s tlow ol
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: Myawo==K ¢/ LyLly is waximum mutual inductance between the zoils of
i

; goniometer;

D K - maxiaum coupling coefficient in goniometer a1l coupling
' coefficient in eguivalent diagram;

! ! n

Ly Zyp =22, 42 2 Zomacos T2 (7.32)

mat)
imoedance of the pair of antennas, referred to current in the field

coil of goniomete:r (§3.10).

Page 360.

In the case >f the rotary pair of antennas ﬂhmm, Ky Ly
and Ly they ave related to the input transformer of receiving

indicator.

The problem zoncerning application/use in the diagram of
intermediate untuied zircuit must be solved, combining reguirements

of sensitivity and one-~handed tuninge

vmmuwmmummﬁm<&wmmmw¢MMWMmmwmuﬂiﬂmmﬂmmmmgﬁﬁ“aﬂ*ayf~ﬁ

Por the calcylation of effectivenmess p, by the ant2ana >f

system it is requirel to detormine the parameters, entering the

-—
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formula (7.30).

Effect of the number of antennasa

For an increase in the effectivenecs at the base altitude of
single vertical vire anternna, it is possible to incra2as2 the numbes
. of artennis and the saparation between them. The value of separation
is limited to the maximum error of separation, which is soserved on
smallest wave of dperating range. The permissible separation with tha
assigned error increases with anh increase in the number 2f antennas.
; Thus, an increas=2 in the numher of antennas is led to an incrc=ase in
i the effectivena2ss not only Lecause of the number of antennas, but

also because of an increase in the permissible saparatiosa.

For the guantitative determination of the effect >f an increase
in the nuaber of antennas by effectiveness, let us turn t> formula

(7a31) o

Calculations show that the total resistance of tha piir of
antennas Zw little depends on the number of antennas. Therefore
unders the conditioson of the preservation/retention/maintaiiling of the

resonance freguenzy of +the pair of antennas, vwe have

\ . s it . Lo
LA.ﬂbmﬂmum.’:_.‘ N T S D TS T T A T A I W TN T I VAL T RO g e PN W (RRETRRI, W YUIA - WL R VLMW AT SO TY Pt SO aue e W W BTy
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Zag -+ foly, = const.

If coupling coefficient in goniometer does not change, then we come
to the conclusion that Lw and A, they io not depeni >n the number
of antennas. Froa formula (7.31) it follows that in this case the
effectiveness by the antenna of system p. is proportisnil t> sguare
root from the numser of antennas. Effectiveness changes also due to a
change in the effective effective height Hy, which affacts separation

2b, differ-ent for the differeat number of antennas (see Table 4.1).

Page 361.

Calculation of effective height and entry iuwpedance o9f anternna fezdar
systen from the pair of antennas with the direct conneztisn of

antennas to feedarse.

We yive the necessary for further calculations formulas from tha

theory of long liies (3.1, 3.4].

Let voltaje £, be connected through resistor/resistance Za to

the input of feelzr. Let us designate My, Pae Yo - tae constant

‘MMMdmmmMMMMMJWM&MMMMﬂwﬂﬂﬂ%%&MMMMWMW”%hﬁﬁﬂﬂa%Jaﬁtmfﬂﬂﬁwm«av¥1
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of phase displacement, attenuation and propagation constaat of

f
i feeder, moreover §
S, — o
To=2po+imy my=mVey ; m==, :
's - the dielectric constant of insulation of feeder; g
, Pe -~ wave impedance; é
lp - the length >f feeder: ;

Zn == pﬂl Cth ’}a.

Th2an output resiscance at the end/lead of the feeder will be
.

1 4 tho, thtael
Zaux == po cth (Tele + ) =re Tl.lt(wl@:k thili;u—ﬁ‘=

Zycthygply 4+ \ .
=Py m%‘&rﬂ‘l‘:‘ = Rpux =+ [ X puix- (7.33)

Vvoltage on tie end/lead of the feeder is expressai oy the

formula

Enux = g3 b (1ot 00 = Ey (€ Yoly 5 sh Yala ).
(7.34)

We convert (7.33) and (7.34):
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Epyy =
o= e . V{PQE.C..IM‘ le
vV ((z3+p3 ) ch 284ls+2RaPs sh 2wle) +((p), — 23) cOS 2mylg — ~
——2X7pg sin 2myly), (7.35)

Pe 1P +22)sh 23ply +
(22 4 23 ) ch 26l g + 2Rapy sh 2le) -
+ 2Rate ch 23¢l4]
+ ((P; -— IZ) cos8 2M@l. - 24\’.?. sin 2m.l¢] !

anx =

(7.36)

fran [(ag — .’3) sin2mely +
(22 + £3,) ch 234 lq -+ 2Rupy 81 2Bole] +
4 2Xapy cos 2mgly) 7.37
+ [(ph — 21) cos 2mele — 2Xapy sin 2mgle) ) (7.37)

Xnux'—"':

Page 362,

Here

o=} R-F AL,
When

Zy=Ry=py and X,=0,
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i

E E.E‘,m’ l‘ '—(.. 'l'l'".) l.
PHE =S Sz = e .
Vch ely + sh 20ly

‘ Rupx = p¢» Xoux=0.

The field coil »of goniometer it is possible to inczlale/connect

consecutively or jarallel in t!te feeder of antenna. Let us examine

these cases separately.

Figures 7.11 gives schematic and equivalent diajrars for
calculaution by th2 antenna of system with the series connection of
the field ~o0il of yoniometer into feeder from antennas {/-shaperd
system). In figura Zyy= Ryy+iXn and, Zyg=Rar+jXar are
impedances of separate antennas {(its own and introduced from the
adjacent antennas), referred to the currant antinode in antenna; E; =Eh.e-imt

and E,a=Eh,eimb - amf, induced in antennas.
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DOC = 77223218 PAGE JO"?)

| T
QZM Qzu 2y 2
Ear Eaz Ea £
b —— A
My ) ' tny M,
" »
&)
d )
i
3
e
..
i

Fige 7.11. Sequeatial switching circuits of field coil (J1-shaped

system): 3) schesatic diagyram; b) egquivalent diagranm.

Page 163,

Let 4s convert resistor/resistance 2, and e-f'Eﬂ of laft
: 153
vibrator to the printvof the connection of field coil. Disregarding
the atteznuation 2f feeders, we will obtain the formulas

(735)- (7. 37) 2
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4o3

peEn,e~imd
Eﬂ = ““"——"——"—————-—-———-—-—t_—.——‘_ ¥
vV P cost myle + (R}, + X3)) sind mylg — Xuspg sin 2myle
(7.38)
Ry =— RllP?p '
© T 0% costmaly + (RS + X2p) sint male — Xarpe sin 2mele”
(7.39)

X = Pe [(P?‘, — Rx2|| -— le) sin myly cos mele+Xaipp —
e P CO8* myly + (R}, + X2 sintmyle —

—'2/\’.'?. sin? M.‘.l
= X. |P. 310 2”’.‘. * (7'40)

For tha right vibrator of expression for Rs and Xs remain the
same, for voltage E¢ (at point b) in numerator (7.38) instead of

e-imt one should write €™

ths voltage at points ab with off field coil will b=

sl skl Sie itk bty & Sl

Ead=b..°=5.—55‘ (7.41) '

The affectiva height of the antenna feeder systam Of the pair of

antennas from (7.38) and (7.47) whenz, =z, =2z, is obtainel equal to

g
i
{
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ot

E
H.="—él=-‘

— 2sinmb h,py —
V pzcos' mtl. +(RZ+X§) sin® m.l. -—X.p. sin 2’”.'. '
(7.42)

Sk b it B a2, e TR ke ol

¥

S A
)i o il

Entry impedaice 5f the antenna feeder system of the pair of

antennas, in reference to current in the field coil of joniometer,

e AT

will be
Z“ - Z‘O — z¢ + zo.
With the coxrlete symmetry of systea Z,=1Z, ani therefore
Zay =2Za =2 (Ra+ Xa). (7.43)
Page 364,

Formulas {7.42), (7.43), (7.39) and (7.40) they sarv2 for the

calzulation of effective height and resistor/resistance of antenna

e L PR 2R b, B ol b s i 2 4 B

feeder system when it is necessary to consider the
resistor/resistanzes »>f vibrators R.. If it is possible to disregard R,

in comparison with Xa and to count that

ave debad bl iah i e L34 o

Xo=-—paClg iy, hu:T::‘ % "'.._é'_'

where Py /g - wave impedance and the length of vibrator, then

s e sk 2 s

2 e dbsians
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A

formulae {7.39), (7.42), (7.40) and {7.43) can be simplified

Rq = 0
2sinmbtg m_;._
Ho= = . (7.44)
m (cos maly - o sinmyly ctg mil, )
3 X = Po(pasinmele — py c1g mly cos myle)
a6 po cos Myly + py ctg mi, sin m.p/q._ -
| — PP'_;: Ctg ml, ctg md’lm
= P‘l' o N (745)
ctgmyly + . ctg miy
Zmlr = i2xa.5- (7.46)
E)

Figjures 7.12 gives schematic and equivalent diagrams for
calculation by the antenna of system with the parallel connection of
the field coil of gyouiometer into fezeder from antennas (H-shaped

i system).
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Fig. 7.12. Circuits of parallel connection of field coil (H-shaped

system): 1) schematic diagram; b) equivalent diagram.

Page 365.

In Fig. 7.12 designations the same as in Fig. 7.11. Voltages E,

and E_, and resistor/resistances Z, and Z,, from each antenpa at

¢ i R Rl SRS o bt Pl srateelinnd I o a3 St § BRI B it
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A

pointsab of the connection of field coil of goniometer are desiyned

DoOC

i

from the same forwnulas (7.38), {7.39) and (7.40), that also far the

case 0of the serias connection ot field coil.

Tha total voltage from both of antennas on the tecminal/grippers
of field coil with its disconnection/cutoff in accordaacs with Fig.

To 12b will be

E — Eadzzaﬁl _ Enﬁlzaﬁz .
W T 7t 2asz  Zag1 ¥+ Zag

Futry impedaace of antenna feeder system on terainal/grippersab

is determined by the expression

Z,512q62

a0 = Zon T Zasr

When diajram is symmetricai, then

Zas Eagz — Eun
ansz‘“”:: 206 . ZM&: ;-;—-, El¢ =-—ﬂ—._.2_.JL_.

Bxpressions for iy, and Z44 in the case of parallal z>nnection of

field coil of joaiovmeter into the feeder of antennas will be

H. == slnmb h,pe
' sz’co'l m.[. + (Rz +Xz) lln'm.lr—'/\'nl’o sin 2m.l¢
(7.47)
Zg 1 c o,
Zn¢’=-‘§—a—=’§-Rnﬂ+sz't\“6' (7'48)
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vhere R, and X, they are designed from formulas (7.39) and {7.40).

RO TS D)

Page 366.

[PPSR PR R

If 1t is possible to disregard resistor/resistan-2 R,. in

comparison with Xa. and to count that in this case

TS

2 . ml,
Xom —pctgmly, b= tg™*, !

Wwe will obtain tha calculation formulas
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A

mi,

2sin mb th
H,= - . (7.49)

m (cos myly + E’_n. sinmgly ctg ml.)
Pa
| Pe (l e otg mylg ctg ml.)

Xop=- 5 i Rag=0. (7.50)

g myly +—cigml,

e
When Iy <A and b& A, formula (7.44), (7.45),

{7.49) and

(7.50) th2y are co>nsiderably simplified, since it is possible to

count

sin mb = mb, sin mé' =m—;'—, cosmyly =1,
cig myl =1 ctg ml —_=—
Lad ﬂul‘ ' ot mia

and the product 5f sines equal to zero.

Then for the series connection of the field

coil
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2rl.b 2nl,b
Hy= e s (7.51)
AO—%%%&) x(r+g%f)

2 _ pesin mlysinmyfy — pacosmls CuS myly

P 1 1 =
' o Cos molo sin miyt o cus mly sin mylg
2 2
= — =— . 7.52) .
IHI. mq.lm W (Cqm + Cln) ( )
- _.‘-f-_. ——
Pn P@

R R e it sk it e il

Por the parallel connection of the field coil

Hy=—20— (7.53)
[+ 2]
—_— 7
Xaq,--—-—‘ 20 (COn +C.“)’ (' '54)

where Cs Cy are linear capacitance/capacities of vibrator and

feeder on 1 a of length;

i BT e il babtsing L o B a6 St ¢ A £ s

Con=Cyuly, Con==Cyly are complete antenna capacities anl faeder.

Page 367,
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From formulas (7.9% and (7.53) is visible the impoctznce of a

st i s ik . 5 cichd

Con for an increase in tha 2f fective

decrease in the cr2lation z E
ag o

i

he ight of systam. For the possibility of the calculation of

effectiveness according to formula (7.31) we will exaaine the

questions of sa2la>tion n and of calculation Hy, and Z, Th2 parameters L,

1
3
3
1
3
:
i
3
]
§
!
|
:

Z,, K and C. ar2 establish/installed duriny the calculation of input
circuit of reception indicator. Procedure of calculation L, is

clarified below.

7.6. Calculation o5f H-shaped systemn.

Fundamental and the equivalent diagrams of the pair >f antennas

are given in Fig. 7.12.

For zalculation is assigned the frejuency band of the radio

direction findet fp.“u—'f\mm-.-

Let us calculate first of all antenna-dipole. Th2 l2agth of

halfdipols /s w2 will select on the basis of the fact that in

.

vertical radiation pattern will not being gapse Must bz rade the

o e S

o« STl

e
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condition

1, <0,6253pmp.

The diameter of dipole 2a it is desirable to take as possihle

- b P 3ot Ll ‘gﬂﬁ
fﬂﬁx bl rl&LEMﬂ'ééﬂlﬁMd PR TRPS T LYVOUITE YA - C - i

large, so that by an increase in the diameter is improvel the . *
' Cs' Pa, R;- Rn Xm pc ?
agreement of 3dipsle with feeder and increases Hy. Re will calculate
i | of dipole in tne ranye of freguencies  fuuu— fwave, and alse 4, for

this same frequency bhand. Considerations on selection >f separation

21y,
2b are presenta2d 2arlierk On the basis of coanstruction, we determins

It is selected or we design feeder. It is desirable s> that fo

vas
of one orier or is nore than psr We design frow formulas
(7.47)=-(7.50) Z,; and Zyo=U052,, and also

1 1 Ho___|5a¢|—'5a62 )

3 1

¢ - The inductance of field coil Ln=b%% it is select21 50 that the

natural frequency of tne antepna feeder circuit of the pair of

PRIPTORE ¥ LI e, ey W TP T A im“:ﬂlﬂ Wotlipdon o b wnm;ﬂlﬂl‘_"‘ﬁi%w'Wuﬂiﬂmhmuumlﬂ

antennas, which cansists of the pair of antennas, feadar and the

m

equivalant field 20il of yoniometer L,, (see Fige 3.33), it was

‘ located oatside working frequency band |wm—fvaxc:

PV TRE TRV TN R

- —r

R

Page 36b.

Figures 7.13 depicts the dependence of the reactznc2 of antenna

et U L S g il

fecder circuit (taking into account the resistor/resistances,

-‘!)n.-;muj" BTN TR ST PRNE Y
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. introduced from other antennas), undertaken with opposite sign (— Xgy)
' on frequency. Two Possible straight lines for lma==£m#g- are
given in this sam2 ficure. The natural frequencies of antanna feeder
circuit are detersinea by the points of intersection of curve - X,
and straight lin2s elg: they are selected so that they differ by
10-150,/0 from the extreme frequencies of the range . and fuawe)
A5 shown eacrlier, it is profitable to stop at straijht line,

giving inters2ction from curve at frequency less wym Straight line

olp dJetermines the inductance Ly of field coil, for examdle

AB 1
Lll —_ 'z;;“': _Nﬁ'l

b s ittt

if the self-capacitance of fierld zo0il can he disregarded.

In the general case the resistor/resistance of the field coil of
goniometer Xn is parallel connection of inductance Lo 21d of coil

capacitanze C. Taerefore, if it is not possible to disregard

capacitancescapacity C. then

]
Xn= T IL,C,0t

and 1n the precelding/previous example

—_\_ . AB
b= W5 aortiT Aveinty (7.55)

i S b R S .8 ool i 2 2 e ] b s ek
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Fig. 7.13. selaction of inductance of field coil of gonioameter.

Key: (1). Resistac/resistance.

Page 369.

In 4.8 are lerived the dependences of the errors of
spaced-antenna direction finder on the different reasons for
asymmetry of antaina feeder system and is made the conzlusion about
the need for designing this system, so that its resonaice freguencies
lie/rast ocutsidetae working frequency band of the radio direction

finder.

Let us examine, which limitations this requicama2nt places on the
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9
f!l, selection of siza/dimensions of the antenna of systenm. e
w1 e
gou -
[, d
£
§: fet us dismantle/select two cases:
~£ 1) thae raceadtion/procedure of the vertically polariza2d electric _‘
i" fields
.
o E
. . 2) the raception/procedure of the horizontally polarized =
. electric field. _é'
\: ;.-
1 3
o Reception/procedure of the vertically polarized field. ;%
.
l -
o
r
|
“ tonsideringy that in the center of system the phase of electric p
o -
- field is efqual to zero, we have for emf in dipoles (se2 Fig. 7.12a) <
s - - :
. Eny=Eh,e™?,
‘ i Euy=En e,
l vhere
; == 2;— bcoshcosf.
N
. v
Deconpose eaf £, and E, into phase £4 and nonphasa £, tecrnms: 23
Eny==Eh,(cos® — jsin¢)=E,p + jEyun,
Euwa=:Eh,(cos® - jsin¢) = Eyq - j 3
R
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or

E,p == Eh,cos (QT"bcos U cosﬁ).

-~ . 2 A
£, = — Eh,sin -;—bcos0cosp),

Ew= Eub Ellldi =— E .

Phasa tha ciaponents of enf determine one-act current, nonphase

-~ the pusa-pull current, passing through the field coil of

goniometer.
Page 370.

It is obvious that phase the components of emf in balanced
network will not create current in field coil, i.e., tn2 voltages at
points a and b will be equal to each other {(Fig. 7.143). Equivalent
diagram f>5r ths sinjyle~-cycle current of system will obtain form as in

Fig. 7.%uh, with short circuit instead of the coil.

Nonpaase th2 components of emf of right and the left of dipoles
store/add up, and they will create in fiald current coil. The
equivalent diagraa of system for a push-pull current will take the

form, depicted oa Figy. 7.15, vhere X, is the reactance of the field

coil of yoniometar. In Figa 715 are designated instantans2ous values




o
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enf.

Rosonance candition for a single-cyzle current from Pig. 7.14b
will be

Xatpy tgmyly=0

or, considering that

Xo==—p, ctg mi,,

we have
po tE myly —pactg mly =0,
vhence
Pn
1— e ctgmlyctgmely =0, (7.56)

g il s e :;du:«.mdﬂéhﬁﬂ&ﬂﬂ&dumeu&.ﬂa.ﬁﬂiﬁﬁm&mﬁ:hkammzmmﬂﬁm:. b ngqniin Bt paitddi il
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Pig. 7.14. Equivalent diagrams for phase currents.

RE_ 167] [

. 4 ') 2Xy,
ol 107 ¥
" o) Ab)

o

Pig. 7.15. Equivalent diagram for nonphase currents.

Page 371.

In order to avoid resonance for a single-cycle carr2at, it is

A ol i ol it i il e S Lakbatedlr | abbowebloaa st i niasilit S bbbk alat o 8 Skt S e st
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necessary to satisfy in working fregquency band the conlition

! R
[y 5= rarcctg (%:’— g n¢¢l¢). (7.97)

Let this resa>nance occur for frequeacy, to 10-150/0 of larger
maximum frequancy of range. Let us designate @ and my for frecuency
by 10-150/0 higqher than maximum by mg anl mg. Then suppl2arentary
limitation for th2 selection of the length of halfdipole /, at the

selected length >f feeder /ly will be from (7.57:
i Pe "7
iy <,-'7;-arcctg (T’: tg nz¢J¢.). (7.57")

Duriny the zalculation of resonance frequencies for i1 push-pull
current, we procz2d from Figs 7.15b in which is reject/throvn the

half of antenna feedet system and therefore Xm is replaczad by 2Xn.

the conditisa of the absence of resonance for a push- pull
current in the fi2ld coil of yoniometer, as this follows from
equivalent diagram in Fig. 7.15b, coinciies on condition for the
selection of the inductance of field coil. Thus, during the corroct
selection of the inductance of field coil this condition

aytomatically is satis fied.

Receptinn/procedure of the horizontally polarized field,

it it bt a7 ST b Nt b K it an Sabi e it . < Ak

ok n ok SN AN i }‘a.mm_in.m.mmm W

P T

-

Lt

k;mml b o . e
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In by normally working H-type antenna to system th2 horizontal :ﬁ?

y componont of electric field is not produced curreants in the field

coils of goniometer due tc *he symmetry of system. g

If in system appears asymmetry (for example, inegjuality of

W resistanc2s of on2» of the half-dipoles relative to the
- resistor/resistanzes >f other half-dipoles), then the curcents, vhich k-

take plac2 in thaz halves of field coil from horizontal field, are not

-~
T
S gt

counterbalanced. Are observed the reception/procedur2 »f aorizontal :
A field and polarizational errors. So that asymmetry of system strongly 5%

does not manifest itself, the reactance of system in wocking

frequency band f>c phase and nonphase voltages of horizontal electric

field must not b2 eyual to zero. g;

Page 372.

for the horizontally polarized field, inducing enf in feeders,
the feeders must be considered as single-wirs, and low2r and upper
halfdipol2as - as -onnected in parallel between the end’/leads of

single-wire faada2:s and the earth/ground. Ejquivalent diagram for this i

after pecominy it is Jdepicted on Fig. 7.16a.
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68!
§241 Let o'y, = th2 wave impedance of the feeders, consilared as fﬁ
|§j}' bunched conductors; it depend on outer diameter of the shells of the
?; feeder
ﬁ ;1 vhere C'y is a linear capacitance/capacity earth referenced both
¢ ; feeders, n b.
! The halves 2f the field coils of goniometer as ar2 included in
A parallel. Sincs currents in these halves are directed to reverse
. sides, the resulting inductance is close to zero and raaztance thenm 5
Ib can be disregarda2i, «“

In figura C, - the capacitance/capacity of coil earth

referenced ;

ﬁE_ shunt cesistance of upper and lower halfdipoles.

Let, as =arlier, field at the center of system has z2ro phase.
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Pige 7.1¢, Equivalent diagrams for reception/procedure of

horizontally polarized field.
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Page 373.

The electromotive forces, induced in the cell/elements 5F right and

by the 1=2ft of halves, equidistant on x from center, cian be expressel

thus:

. —jme_ f
dE.=dEe _ﬁdE¢-/dE"¢,} {7.58)

dE,=dEc"™ = dEy + JdE 4.
Phase the compon2nts of emf dF, are directed both in one side,
nonphase dEu - into different.
If w2 accumulate the beams of feeders into two-wir2 circuit,
then 2quivalent 1liagyrams for phase and nonphase stress component will

take the form, depicted on Fig. 7.16b ani 7.16c respectivaly,

Phase current occurs besides C. tharefore in Fij. 7. 16D

connection with (., shown by dotted line,

Tha conditisxr of equality zero of the reactive component of

resistor/resistance for a phase current (Fig. 7.16b) will be

ﬁ\;: ~+ 2p' g tg mily =0. (7.59)

Fay the feeldlacrs as of bunched conductors m =

2w/\ ~ propagation

i
E
3
5

;
.i

e b e oo i . s e Rl e M
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constant.
After replazing Xa=—p,ctgml,, we will obtain from (7.59)
] 4P'e 5ot
lp = - arcety (T tg ml.,,). (7.59")

Conditicen of equality zero of reactance for a nonphise current

(Fige 7.160):

-
»

'\4" —ppctgml’y =0, (7.60)

The equivalent length of feeler !4 is obtained as a1 result of

the accouat of tacminal capacitance/capacity C, and is 12termined by

the condition

ctg mlg ol Ve , . 2
Py ctg ml'y= o —_—f‘i?_,"_',cfg'_"_l_f“_: Py 0C, 3
2 [4 Q.WC, ctg Iﬂl.l. + 2
ctg mig+ “BETP'}A

or anproximately

Cn
1’([| = [l]I '{- 5(“.0‘.

(7.61)

Page 374.

Substitutingy in (7.60) the value

Xa= —pactgmly,

ve will obtain for the resonance frequency

la== - arcety (——4 Ep_i ctg mz'q.), (7.62)
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vhere !y it is Jatermined by eyguality (7.61).

In order to avuoid in the working frequenc:y band of the radio
direction finder of the resonance frequencies of the ant2ana feeder
system for th2 razeption/procedure of horizoantal electric field,
expression (7.59%), and (7.62) for [, thay must be mada at
frequencias, which lie higher than working frequency bail of the
radio diraction finder. Let us desighate m, value for m at the

frequency, jra2atar than the maximum freqiency of range by 10-150/0.

Then must bhe made the conditions:

L= % arcclg [4 %“- tg maly J ,

' 7.63
< /Fl: arcctg [— 4 %—.‘- ctgmyl'y ] (789

Calculation of effectiveness.

Tha sn»timum soupling coefficient field and seacrch coils has

smallest valu> at the extreme frequency of the working fraquency hand

. | . L -
M mm’i&“hmsll‘.ﬂﬁmwﬂ WA Dy e A.,i,gm‘{k.ﬁmlmm MLMIM
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of the radio direction finder, the closest to patural fraguency

antenna feeder cigcuit. 1t is uesigned from the formula

TN SO

K=V Lo Vet

vhere J,- is an energy factoT of antenna circuit;
- Ux - the enzrgy factor of input circuit of recaivar.

Let us assu@m2 that in goniometer frow the viewpoint of the

peraissible o-taat errors it is possible to take coupliny coefficient K.

It is select2d for K of goniometer smaller of the viiuves Ky and K.

The duct of s2arsr coil we design, on the hasis of assigned

adjustable capacitor, overlaps and selected diagram of input circuit.

Page 375.

We caeck gouwdled impeddances from by the aptenpa o9f cirtcuit into

the grid circuit f the {irst tube. 10 *he introduced reictance
cannot be compensited folL in the range of frequencies, wa decrease K

or is introduced int» diagram intermediate untuned circuit.

After th2 dztermination ot all cells/elements of the input part

of the raidio diractior finder, we design the effoctivapass >f the

Y3 PR T
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LI antenna feeder system of the pair of antannas and entire radio 4
¥
g} direction finder. 3
%
BN 2
N 7w 7s Calculation >f U-shaped system. TR
e 4
&
L
] .
. The separation betveen antennas 2b is selected from the
- considerations of the permissible error of separation, tha2 height of
the vertical wire antenna /» - on the basis of vertizal lirectional 3
B characteristic. 3
.3',3
- Separate vertical wire antenna ve design just as in H-shaped ¥
system, only one should consider that for the asymmetric vibrator of ig
U-shaped system Ps. R; and 4%, they will be two times 123s than for iE
the symmetrical vibrator of H-shaped systen. }?
Couplel impalances due to the communication/conneztion betwean Z?
. antennas are determined from curves or from formulas, given in the =
& .
courses of antennas { 3.1, 3.4). In Fig. 7.17 are desigaitad the X
distances betwsen antennas, which determine these 5
resistor/resistances. ‘é
s
4
Further we d2termine Zyn =R+ jX, - complzta iLaput :
,
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&%
antenna r2sistanca, Is selected the type of feeder, i.2., we finl

that ps. Tha lenjyth of feeder /!y we take, on the basis of the
construction of system {(with the buried feeders, with tha feeders,

placed unier wira gauze, and so forth).

We dasign Zy=Zg=Ro+jXa from formulas (7.39) and (7.40) or
(7.45), {(7.54). Impedance

Zag=Zo+Zs=2Z,.

The affectiva height of the antenna feeder systas >f the pair of

antennas Hy vwe dasign from formulas (7.42), {7.44) or (7.51).
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Fig. 7.17. Oon the calcuiation of mutual impedauces.
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Page 376,

The inductance of field coil it is selected so that the natural
' frequency of the antenna feeder circuit of the pair of antennas

together with the field coil of goniometer (Fige. 7.13) wias located

outside working frequency band ©Own— @uane.

\ ,
gv'g Let us rastrict the effect of asymmetry of systems by means of
ro

Y this seclection of the size/dimensions of system so that would not be

developed the resd>nauce phenomena.

In 36.3 it is shown, that for the limitation of current in the
shell of the feeder, created by the reception/procedura >f the
hori;ontal compone2nt of electric field, must be made th2 condition
ZaQQJKé:e Z, - earth resistance of the shell of feelar 1ad <, - tae !

internal resistance of shell earth reicrenced at the point of the 3

. connection of graand. For this, the resistor/resistance Z. must not 5%
. be turnad into z2r»> at frequencies of range, i.e., on must be the
{ : resnnance of the shell of feeder in the range of the frsjuencies of
the radio direztisn {inder. E
|
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T pass to> th2 examination of selection [/, and L, of
antenna-faeder system. It is analogous with that, as we this are pade
durirny th2 analysis of li-shaped system, was decomposed by emf induceil
in antennas, t> pirase and nonphase components, we will obtain two
equivalent diagraas (Fiqg. 7.18) for phas2 and nonphasa c>sponents of
enf. In figure C. = the capacitance/capacity of field zoil on

screen, Z, - input antenna resistance.

Phas2 currents (single-cycle) are closed through Cn to the

earth; nonnhase currents (push-pull) are passed through Lmp (Cu it

does not affect).

Por the calculation of currents, it suffices to examine the

halves of system; thus, diagrams can be simplified (Fij. 7.19).

]

TR
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Pig. 7. 18, Equivalent diagram of the U-shaped system: a1jfd>r the phase

component of curcant; b) for t“e nonphase compomnent of current.

Page 377.

On Fige 7.133, the resistor/resistarce of the
capacitancze/capaczity of order C,—w0 np is wuch more than the
resistor/resistance of field coil Xm. Therefore it is possible to
consider feeder loaded to capacitance/capacity g;-As ve this are
pade in the calculation of H-shaped system, instead of, including Qg,
it is possible t> lenythen feeder to value 4/, moreover

€
peClg mele — ?31 u—2"~

pp ctgm (ly + Alg) = - - .
te 5 @ ctg mele + |

Let us desijnate M—kbhh:JW-

10 S8
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The condition of a sharp increase in the single~-czycls current
(from phase compdoaent emf) will be equality zero of the resactance of
diagram Fige. 7.%9a, in reference to points 1-2, i.e.,

Xap —ppcigmyl’y =0

Or  pactgmiy-pg ctg myl'y =0, (7.64)
moreover /[y diffars by 3-40/0 from length lq‘;-'

If we compar2 eguality (7.64) with the equality
pactg mly - pyctg mely =0, (7.6:4)
that not 1ifficult to conclude that, since/4~(1,03—1,04)/,fhe frequency,

vhich corresponds to equality (7.64), is lower than fc2juancy which

corresponls to ejuality (7.64'), to 3-4o/o.

1
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N Fige 7.19. Diajraas of the halves of the U-shaped systems: a -~ for the

#: . phase component 2f current; b - for the nonphase component of %

L4 Rk

I current. E

b Page 378. ié

. , Let us turn to expression for Xn.:: (7.45) and (7.46). It is &
153

obvious that equality (7.64') coincides on condition Xypy=o00,

Approximately with this same condition coincides the 12rived by us

for circuit Fig. 7.1%a resonance condition.

So taat the cesonance does not lie/rest at working frequency

band, it is necessary to satisfy the inequality i
l,,<§2-arcctg [-—3:.- ctg ﬂl@’q.], (7.65)

moreover A and my they must be undertaken tor the frejua2acy, lying

to 15-200/0 higher than upper boundary of working fraqusizy band.
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Resonanve condition for a push-pull current (from th2 nonphase
components of enf of antennas) in diagram Fige 7.19b coinzides on
condition of the absence of the resonance of an entire antenna feeder
system of the pair of antennas on the basis of which is conducted the
selection of inductance Ln Thus, no new limitations from Fig. 7.19b

for the selection of the elements appear.

During the calculation of effectiveness M wve are jaided that
which was present2d into §7.5.
7.8. Calculation of transforrer and balanced systems.
Calculation of transformer systen,.

Puniamental antenna circuits of system for the cases of applying
the asymmetric and symmetrical vibrators are depicted on Pig. 7.20a

and b

We assume that the effective resistance of vibrators can be

disregardei.
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b
Let us desijnate:
Xa =X.x- the inpat reactance of vibrator;
&,, and £ -~ 2m€f, induced in vibrators (left and vwith cijht);
_m - the eEfectiIVe he;ght rc{;f vibrator;
Ly - antenna inductance of the coil of transformar;
Ly~ the inluctance of the feeder coil of transforma2r;
M=Ky V LyLy
Page 379.
The squivale2at diagram of system is shown to Fig. 7.20z. Let us

convert vaoltages and the loads of both antennas to points ab and e:)

of feeders (Fig. 7.204d):

» Mo @le | Xex + @Ly (1 — K] “
XIZE':——(DL@—‘ '\’.l+"L‘ — Xlx +“L. l
Ny Mo . Mwh B —jms {
Ey=iEwxiTen =/ Natei &
T Alyw ., Mi@hE _ymb
E ? _—"E” XNap + @L, ——i Nax @l € '

where £; arl1 E, - the voltages, converted in secondary circuit of

S Lt OB ek s el that iy m;memwmmmmmanMMi:

bbb ibnussbsaiab bt ok b 4 s 06 » i

i
1
i

I

-ﬁwﬁs.-.whﬁbiw‘m.mm»—_z.ummmmrmms.ummmm Akt bilie i

boa
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transform2r from the left and right of vibrators respectively.

Thus, the calculation of trans€ormer system is reduced on the
calculatisn of the H-shaped system which has for each aatanna (see
Pigs 7.201) entry impedance is desiyned froa the forasula

Le [Xax+ oli(l — KD

£r=Xyzy= Xos Foly (7.67)

and effective height is equal to

Mro

llc 3 = ,'lo 4\"1 ﬁz;‘. (7.68)

where

Xox = —pactg ml,.

ald yl.«...m.ﬁi

.
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Pig. 7.20. Transformer system of radio direction finder.

Page 380.

Balancad IH-siaped system with the feeders, arrange/l>cated

directly on tha earth/ground (Fig. 7.21a).

This versiosa of the balanced H-shaped system differs from systenm
examined zarliar symaetrical H-shaped in the facts that vartical
component of 2ls~trical field induces enf only in the upper

halfdipoles of vibrators. Therefore during calculatiosn 212 should

consider a series of additional considerationse.
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The affective height of the single vibrator 3

{
1g LNTJL
/lc TR e

m

The effective height of antenna feeder system froem the pair of
antennas is computed according to formulas (7.47) or (7.53) with

coefficient of 2 in denominator., It is assumed that 2% - the

B
| resistor/resistanze, which replaces lower halfdipole, is fitted so
that on all working frequency band
Z3=0,5Z,
It vhere Z,, is complete entry impedance of vibrator, in rafarance to :
the points of th2 switching on of feeders. f?'
A

The resistor/resistance of vibrator, in reference to the points '?
of the switching on of field coil (£,.h is computed as H-siaped systen, 2
by formulas (7.48), (7.50) and (7.54). As before E-
Zan=08Z .
In other respects the calculation does not differ from thz

calculation of symmetrical H-shaped systam.

Balanced li-shapel system with feeders, elevated above the i

earth/grounl (Fij. 7.21b). 2
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?1 Emf is inducz2d in upper halfdipoles by length /v and in lower

;: halfd:poles by leangth /. FEquivalent {replacing) resistor/rasistance Z,
{E is select2d equal to resistor/resistance earth referenced vertical

i
R

condutor by lemgth /- (BY in figure).

“a F -'7_

Page 381.

Thus, impadances >f halfdipoles of point A dcre identical., The

ef fective: height 5f the vibrator
hy=h,+h,, (7.69)

) whers h, - thz 2ffective height of upper hal fdipole, is letermined

from the f[ornula

My - the effective height of lower halfdipole. Takiny into account

that it is loaiel on top and therefore it has approximately uniform

current distribution A,

" Then for %, on the basis (7.69) we obtain with small miy

miy

tg 5
he== — m +ly
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In other respects one should use the methcd of the -alculation

of symmetrical H-shaped systenm.
7.9, Matching devices.

Let us examiile devices and the diagrams, which ensurs impedance
matching of antenna with the resistor/resistance of fe=da:. The
character of matchiny devices to a considerable degree 32pends on tha
width of the section of the frequency band, in which it i3 required

to carry out ajreamenta
Por antenna natchingy with feeder at the fixed/recoried
frequency, mainly in VHF range, are applied single-stub, 1ouble-stub

and three~stub ajreements.

single~stub agreement, or V. V. Tatarimova®"s jet lodp, are

applied in the op2n air feeders,
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Fig. 7.21. Balanca2d H-shapod systenm.

Page 382.

Short-circuited stub is connected to the feelzr of

antanni in that

. I .
place where conductance is equal to ;;(my the vave impadance of

feederj. The lenjyth of loop is selected so as at the points of its

switching on to compensate for r~active conductivity of tie feeder cof

antenna, Then fesier proves to be ioaded on p,,

Double-stub agreement they apply, when the feeder of antenna is

carried out in ta2 form of coaxial cable and the movement by it of

jet/reactive loop is impossible. Two Piezes of cable (lo>3s) with the

g}

b oy
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movable short-cicrcuiting pistons are included previously in the cable
of feedar at cartain distance from each other, for example in A/4 or
3/8 x, moreover the first piece is incluled in parallz2l t> the
connection of ant2nna. By a change in the length of the first cable
(Loop). thay attaia that the conductance in the place of the
coanectiva of the second would be equal to ;%.After this by a change
in the length 2f the second loop is obtained the compensation for
susceptance of tha feeder of antenna. Double-stub agra2x2ait iiﬂ:>%Pm
possible thus far Ra>Pe¢ with the distance between loops A/4 and ;"
with 3istanc2 3/8 A. With the nonfulfillment of thes2 conditions,
additionally is connected at certain distance from th2 s2zond still
the third piece of cable (third loop). The designation/pacposa of the
first two loops is obtaining in the place of the conneztion of the
third - conductance %;.Then by the adjustment of tha laajth of the
third loop they attain the compensation for the reactainc2 of the load
of feeder and agr2ement of feeder. Three-stub agreement is universal,

used Juring any antenna resistances.

If ant2nna rasistance is at the fixed/recorded frequency
ef fective resistance Ra then for its transtormation int> the wave

impedance of feelar P¢ can be used the Juarter-wave section of

feeder with wave impedance h==V/EEI.

Page 383.

gt i e i i i b

i s

b el et g, i
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With the ail of this quarter-wave cut of line, it is possible 2o

obtain th2 agreewnznt of feeder, also, during any impedanc2 of
antenna. For this, the cut of line is connected in tha n2arest
or voltag2 antinole. In the first case the resistor/resistance

feeder R'y ==pyhen (Ceactance is equal to zero) and Pr==py / Kss. In

e Pe
second case My =—=—2—  anad py=—=-——=.
2 % Ko Pr V Ko

Mono to fit such wave impedance 0; and the length I of

cable, so that it will match at the assigned frequency any

node
of

the

cut

resistor/resistance Z,==R,4-jX, vwith any other resistar/rasistance

. -4
Zu=Rnx+1X""‘this zase, [8.13)

_ Co.
pr= VA+ gé)dn-ltg Higly =7§T-

vhere A=R,Ryx — XuXax:

B= Rnxu + Rnxu;
C=Ryx—Ry;
D=X3 — Xy

My 15 a phase constant of cable,

The 3describz] methods provide the agreement of feeder in narrow

SR I T T W T T R U PR AR (SO LoT Syt AUy JYPIA R T (AT wﬂuhwmiﬂtﬂmﬂlw

o ML o Bt o it b i o b a5n ) bl e o corimt st Lo IBAE 5
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frequency banda

When antanna has constant effective resistance Ra, for its
agreement with the wave impedance of feeler in the raanja2 >f
frequencias is applied the cut of line with the smoothly or gradually
changing linear parameters, for example 2xponential €f2alar or
transformar vith the concentrated cell/elements. The length of the
cut of line with the changing parameters determines the minimum
frequency by which the reflection coeffizient at the 2ai/lead of the
feeder, which Jo02s to receiver, does not exceed the determined

permissible value. The transformer it works the, the a2acar it to

ideal.

Ideal is th2 transformer which loss-freeta and leakage flux,
inductive resactaizes of its windings the much more transformed

resistor/resistances.

Page 384,

Approach/ipproxination to these requirements to more easily achieve
during the application/use of ferrite core transformars [4.5). As
matching transformer can be used the tour-pole from ra2aztive
cell/elemants, Calculation of this type transformers is Jiven in
[749 ]a
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To expand the fregquency wand of the ayreement of affactive

resistance with tae aid of the guarter-wave section of line is

possible oy th2 sapplementary switching sn of compensating

short-circuited stub.

In texthooks on the calculation of antennas, arz Jivan more

detailei lescriptions and the calculations of indicated matching

devices [3.2, 3.3, 3.5].

To tae quastions of the range agreement of impedance from the
concentrated cell/elements with effective resistance ara ledicated
{3.2, 3.3). in [7.10], is examined the possibility of obtaining in
this case with the aid of passive linear four-poles and transformer

in the reguirad frequency band of the maximum KBV.

Passive netwdrks serve for the compensation for reactance, and

transforuer convaerts the effective resistanca2 of antanna iunto that
which is requirel. Investigations will show that during the assigned

change in the complex resistance maximally attainalle XBV and the

band of the frequ2ncies 0f the agyreement fuae — foue =" 8fc are mutually

connectad. Improvement of KBV is led to decrease 4/, and vice versa.

If antenna resistance in certain frequency band the equivalently to

consecutive or piatallel circuit f{rom cell/elements L, C,, R,

moreover resonance frequency of ductf,~: 1/ fuarfwn. thea matzhing

2

abs widurif ubhid G ke £

Aot ke ol st e 8 B i ST VYRR TIPT. P8 FIYSor WLy S S8 RN

o i bl ms e b Al G

TRy S e
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condition with the infinite nugber of cell/elements ir watching

M1
L . . . @
ﬂ device they are datermined by the equality E
2 9= (7.70)
..‘t In ’] bl Kﬂ. 7-7:3
3 where QO is an energy factor of the duct of the substituti>n of =
(] —
% antenna rasistanc? on frequency f,. 1
R i
Ay 3
ik | 3
' The higher Lne antenna field gain, that is less é;—‘--with that E
b L]
f which was assignsl KBV and vice versa.
xé

Page 385.

Better agreamant is obtained if the matching four-pole is catenary

b b e B LR o el o sl

with terminal trai1sformer. Examples of the schematics of matching
é devices are given to Fig. 7.22. The *ransformation ratis »>f !
transformar must be fitted so that at the mpedium frequency £, KBV E

corresponis to parmissible. !

The guality of agreement, i.e., KBV and ,j, at the assigned
value of ), depends on the number of cell/elements in »atzhing %
device. 0On Fig. 7.23, is given the dependence attainable XBV on the

given banlwidth »Ef the aqreement(?%%—with the number of cell/elements

in the matching four-pole k = 1, 2, 3, and =.

Y n...l-.'.nu'l‘l ..t
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As zan be sa22n from Pige. 7.23, the application/use of more than

tvo cell/elements of ayreemant is led to very insignificant

improvement of matchinyg conditions aud does not justify itself. In by
direction-finding antenna for system it is necessary to apply several
identical matcniny devices, in the number of utilized antennas. In

order to facilitate fulfilling the requirement for the iiantity of )
the characteristizs of all matching devices, it is expadient to
manufacture them only from one cell/elem2nt L, C (k = 1),

allow/assuming c2ctain deterioration in the matching zonlitions.
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- H— 1
)
H13 G 8
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Fig. 7.22. The schematics of the matching devices: a) aantanna is
equivalent to series connection R, L, C; b)antenna is eguivalent to

parallel connection R, L, C.

page 386.

Are leveloped the methods of the calculation of th2 parameters
of the lalder network of agreement, For a single-element zircuit

parameters L and C are designed from the formulas

. Bo L=-o 1
€= TRu2%] and amef? ¢

where B is the coa2fficient, determired on curve/graph Fig. 7.24.
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The levice >f agreement consists of reactive cell/a2laments, and
therefore it doés not lead to power losses in antenna and to
deterioration in the relation of the voltages of signal 1ad noise
(sensitivity). Havever, for obtaining in the large band of the
frequencies A/. of sufficient KBV, ig is necessary to available in
antenna the small gquality C. The diagraa of agreeasent coatains
transforner that transforms the effective resistance >f antenna
circuit. To prepare broadband transformer wvith large transformation
retio is virtually difficult. FPinally, agreement is pasélble only in
tha? limited freguency band, in which antenna circuit can be replaced

vith the tuned circuit from the concentrated cell/eleaents.
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Pig. 7.23. Depsniance of KBV on the given width of the band of

agreement vwith the different number of cell/elements (k).

Page 387.

So that the resonance frequency of duct would coincide with average
frequency range of agreement, can be required the inclusisn into the

antenna of supplazentary reactive cell/elements.

Por ayreazxeat in very wide frequency band for obtaining the low
quality Q, can be required the inclusion of supplementary effective

resistanc2 into aantenna circuit and then the sensitivity of
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2/
reception/procedure deteriorates, Deterioration in tha sansitivity
with the 2xpansisa of the band of agreement approximately
proportional to sjuatre root of the ratio of the expanied dand of

matching to th2 band, provided with antenna field gain (see Pig.

7423) .

When is admissible a decrease efficiency in the antenna feeder
system, it is possible to also use the diagrams of ta2 ajrceesents,
presented in Fig. 7.25 in which according to the¢ idea of their
construction is provided the swvitching on of supplementacy effoctive

resistanca.
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E.l 1 ;
b QB-—-&‘L\-— e E
i as}---- - : _
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fo ,'
-. ‘ Fo., 7. 25 K
| Fg 72y 9 25 _j
_ Fig. 7.24. Dependznce of the calculated coefficient B on the given :
' width of the band of agreement. 2
)\

Pig. 7.25. Diagrars of agreemeunt with tha switchingy oa >f active

cell/elemants.

Page 388.

y
In these liagrams Z"=~PZ"’—. At the output of the diagraams of the

i

agreement where is connected feeder, resistor/resistanza will be:

( o,
(P + Za) \ Pe + N
for circuit a2 Zau™= ' 5 =Py,

Pl,
200 + Za + "'Z'!:'
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Assuning that the fceder from receiver is loadei far wave

e

35 impedance Ps. we will obtain for a transmission factor from antenna
;

v to the input of the cable

{f‘fl . n-'—"-“l‘- Pe

R : 2 pot+24’

-

L.
v

i.e. transmission factor decreases two times in compartison with A

T YT T € T R TR R T T R Y P TG T T

in diagram without agreement. How many times deteriorates the

sensitivity of raception/procedure. The indicated diagram of

agreement can work in how conveniently wide frequency bani.

e s
. .
-t

b In [(7.12), is described the method of the selection 3>f the
cell/elemants of the diagram when the loss of sensitivity can be
decreased under the condition of admissibility for KBV of the value

smaller than unity.

l2 N .
. Resistor/resistance Z"=b%z is approximated by the chain/network
h' 8

of the tuned circuits. For the practical target/purposas of

sufficiently taking the number of ducts, equal to the roundad re/aﬁan o
MAkimum ofl!'/"df'lng ‘Pu‘;-uen‘y t, the &,,,e Fesarant ¢ -Vr-w,yn\r .')( the n)n‘lunn—a,

#* €he antempa ,PQ,PTQS on the section of the frejuaacies where

b i i A ol A Ao i . ket b

I
L
I
) t' e active part >f the resistor/resistance R, is changed
|
!
.‘
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L insignificantly (usually between two antiresonance), then im parallel é
3 chain/network it is posssible to include/connect instead of py 3
2
' resistor/resistance Ra and to take Zur—ﬁ;}:’—. E
L =
f?ze ki
L Page 389. 5
w 'y i—!
ki By the svitching on of transformer with transformation ratio ’l=]/,§i ;:;
is achieved agreement. The transmission jain will bhe i
: ’ ) Rn" %
r Hu=g 7o :
% K __(pe --Za) Ran + 7 "
From relation -,ﬁ= * z.;., 2 =ﬁ',,zl"' it is evideat that the diagram with =
) transformer gives larger transmission factor, than diajraa vithout 1
, transformar, if n > t and Z, < ﬁ{__'tr, Diagram with the transformer
virtually can work in the range of frequencies with overlap 2-2.5.
Sometimes fo>r ayreement is applied the cathode follosrer to grid
of which is connected the antenna, and to the resistive ldad o« j
cathode - a feadar (§3.14).
}
7.10. Calculation of the input circuit of receiver for the matched
antenna of systea,.
i
H‘ j
br
s
! 1
. ]
< — .
3
- . vl
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. The equivalant diagram of input circuit is depicted on Fig.
4

726 Por the matched antenna output resistance of fa2iar, connected

3
f
=
kg
.
o
N
3
>
“u

to the input of raceiver, is active and it is equal to the wvave

impedance of feedere.
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EQ__

Pige 7.26. Diagram of input circuit.

Page 390.

From the viawpoint of obtaining the maximum relation of the
voltages 9f signal and noise (without taking into account of the
noise voltage of the first tube) is required larger coupling
coefficient (see §$7.2). The maximum transmission gain, which

corregponds wM,, is designed from the formula

- WL w Vs / el
By mane 5 V(fﬁ):k;"l 5 v @, V%’?. (7.72)

For an incrsase Kauwme one should take quality 2, possibly
larger. The selection of inductance L, is determined by frequency

band anl by adjustable capacitor. Let us determine the permissible

value 0,.

In the tuned circuit from ante~na faeder circuit, ar2 introduced

E
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the resistor/resistances

[FO AL PR RIS AR S T JLIT IS

oMy K, P
AR—pg,+u-LfP““_l+a'wL" (7.73) __
—- witMs — Ktat ;{
Ax._—m L, —1+a-‘°L‘ (1.74) V;:
Staygering from action AX is determined by the expression 2
do_ | AX |__ Xt -
w_lr{—l-}-a' 3
or
Aw_ K1Qat :
P=Q =T (7.75) 3
In optimum coupling g = a. (7, '76”’) )
Input circuit is disturb/detuned not only dues t3 th2 effect of :
the reaction of antenna feeder circuit, but also due to> an inaccuracy
in the coupling of the block/module/units of variablz capacity. The
first reason affects much more powerfully. Let us supply requirement :
that at widband frequency Wep detuning due to the effect of reaction
would be not more the half of the passband of the tun21 zcircuit,
is€., so that would be made the requirement 8 0.5 or according to
formula (7.75') £>r a midband fregquency
2=
<0|50 (7-76)
Page 13191,
;

B e uke
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Exprassion (7.76) serves for the selection of the inluctance of

the coil of tha antenna feeder of circuit:

L 'SF.
W, p

Entry impa2dance >f circuit from antenna feeder system -an be designed

by the formula

wWIM? K1Q,ul
Zu=iolit pargax = b+

or

Zyy =B ol (V= gt = Rux Vo

In the optimum coaupling when are satisfied conditions (7.71) and

{7.75%), Rux==py and X,,=0.

If due to tha imprecise coupling of the block/modulz/units of
variable capacity the inclined grid circuit of the ficst tube obtains

the supplamentary detuning, which is characterized by value

M=%, (7.77)

that this will le2ad to a change in entry impedance ani to the

appearanc2 of reflection from input circuits. A changa2 in 2ntry

impedance will be
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8Ras _ORux a1 K'Qy 2
ve = oF g i ga

4 X axu + 1 ﬂl\'Ql
o pr TR l+5'Ap

In the optimum coupling

AR.: ——e 2a

pe 1 4at a8,
AX|| l_ﬂ. ﬁ
e o iFa

Coefficient of racrlection of voltage from input circuit in the

optimus coupling

p_______V (AR.. AXn) %—Ap.

Page 392.

In §4.12 shoun, that for the limitation of errors due to the
dissimilarity >f the 2lectrical lengths >f cables the traveling-wave
ratio of the loal of feeder must bhe

Kea= 0.4,

whence the permissible reflection coefficient was equal to

| — Ko 1—04

Pron= _l—-i?K_u_:= [ 0,43.

The permissidle staggering is determined by inequality A3<2p,0n
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or AP < 0.86.

From (7.77) it follows that =2nergy factor of the tui2d circuit

must be salected, on the basis of the condition

pLY 1,76
Q<3¢ or Q:<'§‘CT-
C KA

For 2xampla, if AC/C = 0.05, then Q, { 1.76/0.05 ani Q, & 35.

Thus, we will determine the parametars of all c=2ll/2lements,

enteringy input circuit of receiver. Further calculation is conducted

by formula (7.72)«

7.11. Compensatisa for antenna effects.

In 854wd, 4.5, 5,3, 6.5 vwas shown, that on a whola2 s2ries of

reasons ia the directed system appear composing emf, out 5>f phase to

909 from the fundamental of enmf,

These composing it is possible independent of the r2asons, which

created them, to zompensate for onc and the same methois.

et B
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The process 3f the compensation for those composing 2zf, that
differ in phas2 t> 90° from the fundamental of emf, is called the

compensation for anteuna effects.

XIS

With visual direction-finding methols it is not azz2j3ted to
compensat2 for antenna effects, since extra-phase emf are not createl
in them such difficulties as in auditory radio direction finders,
and, furthermore, the process of compensation increases tise of

direction finding.

Antenna 2ff23ts also less appear in systems with the large

separation of antennas, than in cosinusoidal,
Page 3913.

Therafore firther the compensation for antenna 2ffacts is
examined in connaztion with radio direction finders with the reading
of bearing for audition on the minimum and with antenna system with

cosinusoilal direstional characteristic.

Th2 compansation for antenna effect lies in the fact that in

input circuit of the directed systea artificially is intraduced
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supplenentary emf, equal in maynitude and opposite on tha sign of enf
of antenna effect. This supplementary eamf can be obtainel from the
auxiliary antenna or the auxiliary framewerk. The coapensation for
aatenna effect compulsorily must be that which is coutrolled, since
the value of anteana effect depends in the general casa on the
vavelength, direction of propagyation, time of days and yzar, aund also
on other reasons (humidity and the connected with it degree of
insulation of antenna and surrounding object/subjects, taa upper-air
conditions and so forth). To ensure the constant egquality of the
value of introduca2d emf and enmf of antenna effect durinj zhanges in

these reasons is virtually impoussible.

Rejardless of the fact, is applied or is not applied
compensation, must be accepted all measures for the 2lixination of
antenna effect, since with its high value are unavoidable

supplementary instrument errors.

Introduced for compensation emf must differ in phase from the
fundamental of ewf to angle, closest possible to 909 The
nonfulfillment of this condition can lead to an increase in the
resulting inphase component of antenna effect and, therefire, to an
increase in th2 angle of shift of learing. For this, explanation let

us examnine vector diagram (Fig. 7.27).
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On diagram £, designates emf of the framework, £, is eaf of

a

antenna effect, oat of phase by the relatively first »>a angle ¢n
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K
5: En
% Ea
W € € Ep
Ea Ea
. Fige. 7.27. Vector diayram of the compensation for ant2nni effacts.
Pagde 394.
It is decomposed L. to two composing; £Ea=EFE.cosq, in phase with Lp
- and g7, =E;singa tnaat out of phase to 30°
Il
. Let ohase-cd>apensating emf be assigned and equal to o«
. Bequlatiny the value of emf of compensation, we must fit it so that
|
: it component/term E”,. shifted .relative to £» on phas2 t> 909, will
be equal and was opposite £7. In this case E”, and [, thay average
out and we will obtain clear, clear zero positjions. Cdnsa2juently,
[

PrL ol
E IK — "'[:"4\. R

But
E" == Eysin @y, E'v= Eycos Pu-

Hence

E]( Siﬂ Py == — Ea Sill Par
sin g,

L'y=Ecospe= —E, i
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Storeadding up now [, and [, wve will obtain the tot:l
quantity of cophasal emf, not dependent frop the diractis>a of the

incident wave:'

e B B (1),

If reolation fgﬁ.negatively {as this is represent=2l ia fijyure),
Pu

then £ >/f", and the amount of the displacempent ~»f the mininum
because of compensation will iucrease. when¢"=:mwtg¢u=:a%lyzzgaﬁ.e.

the displacemsnt vill not increasec.

If a2nf of antenna effect depends on direction (effezt of the
return enmitters), then the condition of the compensatisn for the
nonphase component of antenna effect and the condition of obtaining
complete zero with direction finding £, X Sn(P--9)-E2+E'x=0 cease to
be indepsndsnt variables, since amplitude and the phase %» in this
case, as it is shown, are also function p. During the iiEferent
installations of the handle of the compensation for antenna effects,
can be found the different positions of the framevork, waich
corresponi to the nminimum of audibility. Ornly by method successive

corresponding of, revolving simultaneously the handle >f the

compensation for antenna effects and the framework, it is possible to

L bl A ity
itk o
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find the leepast aininum, which corresponds to bearing.

Page 395,

With the us2 of additional antenna for the compensation for
nonphase field from return emitter, are pocsible supplaa2atary
errors. Actually, in the process of the compensation for emf from
nonphase field, is introduced into the framework the sacondary
stress, cophasal with emf, induced within the framework by the field
of transmitter, which produces error with direction fialiag. In order
to restrizt this supplementary error, it is necessary to restrict tha

permissible value of compensated for nonphase enf,

Let us examipne in more detail, to vhat is led tha2
application/use >f a compensative antenna during the elimination of

the action of field I, {(§5.3). The auxiliary antenna affacts the

field '
E'.' = (E-LE'on) “+/E" oxt. (7.78)
Then the antenaa is strongly detuned and therefore emf wit hin the

framewor«, induced from antenna, coincides in phase with 2mf, induced

in antenna circuit.

Let us desijyiate /m that which operates high-compensation

antenna % th2 szaling factor of emf of antenna into voltage within
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the framework £roa antenna. Then the condition of the reailing of

bearing for zero audibility will be
jhp [Esin(p — 8) -i- (Eox + jE"ou) sin (y — )] —
~ Rapha [(E 4 E'oy) - JE" ou] =0. (7.79)

For this fulfillment of equalities, it is necessary that
individually the ceal and imaginary parts of it are 23jual to zero.
Physically equality zero of real part means that the
communication/connection of the framework with antenna, 12tecmined by
coefficient 4w d1e should control so as to eliminate nonphase
component emf of the framevork, induced with the field >f retucn

emitter and, thus, to obtain pure/clean »f zero audibility. For this,

must be

haphy = — S din J:" w-=9 4 (7.80)

After substituting (7.80) in (7.79), we will obtain

m[ﬁmu —0) PEM&HW—~M4-°E:?L“m}nO

or

/ [E ( / Bt

ll,L sin (/)—))"}‘\E on - EFES, )NIII(P—‘)}]“;
Page 396

Thus, cophasal with the field of transmitter field component of

raradiation (Iw) when the compensation for antenna effacts is present,
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seemingly grow/risen and stops

Fl!2

“On

E’o")' — l:.,'"“ +- -E—-F E,(—,—“- . (7'81)

The 3ffect of coaponent E'or is develop2d in the fact that of the
radio direction finder, which has the compensation for antenna
effects, jrow/risas the hearing errora Bearing with the zontrolled
(before obtaining of the complete zero audibility) coapansation for
antenna effects will differ from bearing without compensation.

; E .

Limiting maximum supplementary error, i.e., relation—-fw thereby in

accordanca wWith (7.80) we limit value 4.

If we suppase that [Chy==0 and to allow during compansation

supplementary ercor 4 = 29, then of formula (7.81) £3ilows tﬁ;hbl?%

’ il —_— "".'u-/!u‘é d 'jll“\
=003 or l-‘ﬂé#"-: V 0.03=0.173, Therefore must be made coaniition y———-
which linits maxisum permissible emf of the compensation for antenna

effacts.

The circuit 1idjtam of the compensating open antanna is
representad on Fij. 7.2d. The communication/connection of antenna
vith the circuit of the framework is hera undertaken inluctive. The
value of zommunization/connection is requlated with tha aid of
variometer L. L, L, Its windiny, the circuital of the framework, i3
divided to two parts L, and L, connected round trip of tae framework

for the preservation/retention/maintaining of its symmetry.
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Page 397.

puriag the practical fulfillment of the compensatinjy antenna,

must be observed the also following conditions:

1) antenna must not have direct/straight

communication/connection with the framework;

2) antenna must be vertical or weakly inclined., Sijaitficant
horizontal pzrts zan cause supplementary quadrantal deviation, since

antenna with the leveloped horizontal part can be consilared as

capacitive duct;

3) antenna mrast be weakly connected with the frasawsck in order

to eliminate the 2ffect of a change in the communication/zonnection

for the tuning of the framework;

4)on short waves iu order to avoid the appearanca >f those who
are changing with a change in the wave of phase differencas of enf of

the framework and antenna (due to the effect of incr2aaat), antenna

is assembled in tae center of frame system.
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Besides the a2xamined inductive coupling of anteana with the

'l frame work, is possible also the application/use of capacitive

coupling.

; The diagram of the compensation for antenna effaczts in
goniometric syst2a in no way differs from diagrams in system with
rotatable loop, only everything that which was discussed the frame

duct, her2 it is related to the duct of the selector of goniometer.,

i It should b2 noted that with respect to a change in the value of
the required compensation for antenna effects it is possiole
approximately to judge the character of the reason, which caused

diffuseness of th# readings of bearing.
Let us give several examples.

1. In presence only of its own antenna a2ffect ani 1li:cect
reception/rcocedure, sign of required communication/connecztion with
auxiliary antenna for elimination of diffuseness of bearing is not
changed during rotation of framework through 1809, Tha vilue of
required communization/connection remains almost constant,

independent of tha direction of the oriented radio statiz>a (with the

constancy of wavalength).

4
4
3
i -4
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3
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2. For ship radio direction finder usually is obtainad
dependenca of Comaunication/conneztion, required for clap2nsation for
antenna 2ffects (liffuseness of bearing), with auxiliary antenna on
direction of oriented radio station, close to semi-circular. This 1is
explained to the facts that the diffuseness of bearing is caused
wainly by reradiation of the masts, tubes and other sbject /subjects,
analogous in acstion to detuned antenna. to the maximum OF
communication/connection usually they ara observed with tae direction
finding of th2 ralio stations, arrange/located perpendicularly to the
center-line plane of the ship, in which is arrange/locatzi return

emitter.
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FPig. 7.28. Circuit diagram of compensative antenna.

Page 398,

3. Value of required comrunication/connection witha auxiliary
antenna at presence from ionosphere of waves reflected usunally

sharply is changed in time.

4, If auxiliary antenna is insufficiently detun2l 2111 oriented
field elliptical, then compensation for diffuseness can bring to

obtairing false minimums with direction finding.

5. during coapensation for large antenna effects, caan appear

bearing errors (7.81),
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7.12. Cal:zulation of the cell/elements of the compensation for

antenna effects.

In practice zost frequently is applied auxiliary detaned
antenna, ths industively circuital framework (Fige. 7.23). The
equivalent circuit of the communication/connection of the framevork
with antenna is shown to Fig. 7.29.

Oon equivalent diagram are designatad:

L, - inductance of the framework;

L, - inductance of the winding of the variometer, cdinected in
duct framawork; f>r simplicity coil L, is not divided to two as to

Fig. 7.28;

L3 - inductance of the winding of variometer, coana2cted in

antenna,;
C; - the capacitance/capacity of the duct of tha frasework;

Za - equivalent antenna resistance {on Fig. 7-29 C,) 3

v
)
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» '
i C3 - the zapacitaice/capacity of antenna lead-in; ‘
1.
._"‘('
b Ehy is enf in antesnna.
3
AR In calculation we will disregard the effective resistance of ;
N antenna circuit, taking into account its detuninge.
R
f
v Therefore Z,sjXa==—jpaclgmla, where ’a. lHis wave iapaiance and
the geometric lenjth of antenna.
.
5 )
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Ehp .-

[ 4] .
La

M E

'] L3 -

! L
! C’ Eh‘ . - =
GT_ o _ L

Fig. 7.29., Equivalent diagram of the communication/connaztion of the 3

DOC

framework with antenna. :

Page 399,

In further tscrmulas we proceed from the direct conna2ztion of
antenna to input circuit of the framework. If antenna is zonnected to
the radio direction finder through the long feeder, than 2ne should
convert emf in antenna and its resistor/resistance for ta2 end/lead

of the feeder th2 formulas §7.5.

In the majority of cases, the antenna is taken s:zall length in
comparison with the minimum wavelength of direction finlding and it is

possible to count which X, is capacitance, i.e.,

. i
Xa=—er
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In calculations of auxiliary antenna vwe proceed from this

prerequisite/prexise.

Let us desigrate parallel connection Lz, C3 by Xp:

!
IX = lw'L. i9Cy i wl,
v A T o
/'wL|+im l w 'y
Then ({Fig. 7.29)
.=—'E!"~~ =X EBia,
Fok e T aniw T
but
Xo Xk el | el
XatX:  XatXyXa B Xa $

[ P e ———— .. Dn o )
Y YV iC.¥C, - Lesonance fiequency by ke antenna of >ircuit.

0q < 0,70y
W :
Prequency ®a usually is taken or o, .1 4wyanes

and wyaxc- the mizimum and maximum frequencies of range.

With the assiygned antenna of capacitance/capacity C,
known. B2inyg assigned @, it is possible to determine

i
L, == —————,
? ‘03 (Cy+Cy)

whare Wyum

and Cy, ara

el iR otk didi

s

%'

)
ek,

L.
RC-ER

1

i
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